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PLANT SEED SPECIFIC PROMOTERS 

This application claims priority from pending United States patent application 
Serial Number 60/250,401, filed on December 1, 2000. 

This invention was made in part during work partially supported by the United 
States National Science Foundation grant no. DCB94-06466. The United States 
government may have certain rights in the invention. 

FIELD OF THE INVENTION 

The present invention relates to novel seed specific promoter regions. The present 
invention further provides methods of producing proteins and other products of interest 
and methods of controlling expression of nucleic acid sequences of interest using the seed 
specific promoter regions. 

BACKGROUND OF THE INVENTION 

The major economic and food value of most agricultural plant products resides in 
their seeds, and seeds have long been the major resources of proteins, carbohydrates, and 
oils. Centuries of agricultural research have been directed to improving the qualitative 
and quantitative traits associated with seed products; classical breeding techniques have 
resulted in the development of new varieties with desirable traits not observed in the 
source populations from which the new varieties are developed. However, despite recent 
rapid progress, these techniques are limited to recombining genetic information which is 
already present in the source population, and to the very slow modification of this 
information by naturally occurring mutations. Furthermore, these classical methods may 
also result in undesirable traits arising as a consequence of selecting for a particular 
desirable trait. For example, it was impossible to increase the oleic acid content of 
rapeseed oil above 80% without obtaining undesired agronomic properties such as 
reduced cold tolerance; it was hypothesized that the observed reduction in cold tolerance 
was due to the lack of unsatured fatty acids in the membranes of these plants (Kinney, 
Current Opinion in Biotechnology, 5:144-151 (1994); Miquel et al, Plant Physiology, 
106:421-427 (1994)). Thus, the characteristic of high oleic acid, which is desirable when 
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present in the seed oil (which consists primarily of storage lipids, or triacylglycerols), is 
undesirable when present in the membrane lipids (which consist primarily of 
glycero lipids). 

The application of the newer techniques of genetic engineering promises to 
5 revolutionize plant agriculture. It is envisioned that traditional seed products can be 
tailored to the end market, as for example, seed oils produced with specific fatty acid 
profiles. Thus, it has been possible to produce a rapeseed line with 88% oleic acid in the 
triacylglycerol fraction of the seed oil, by transferring an antisense gene to a fatty acid 
desaturase, FAD2, to the rapeseed; this desirable characteristic was limited to the seed 
10 oils, and therefore did not affect the fatty acids of the membrane lipids of the rest of the 
plant, by putting the antisense gene under control of the napin seed-specific promoter 
(Hitz et al, Kader, J.-C. and Mazliak, P., Eds. (Kluwer, Dordecht, Netherlands), p. 534 
□ (1995)). It is also envisioned that seeds can be used produce non-traditional products, 

^ such as edible vaccines. However, for these applications as well, it is preferable to utilize 

;yrj 1 5 seed specific promoters, to limit the presence of such non-traditional products to the seed, 

^ and to avoid their presence in other parts of the plant. 

iffr Only a few seed-specific promoters have been cloned and studied in detail; these 

S include promoters for seed storage protein genes, such as a phaseolin promoter (US 

^ Patent No: 5,504,200) and a napin promoter (US Patent No: 5,608,152). Storage proteins 

M> 20 are usually present in large amounts, making it relatively easy to isolate storage protein 

-if genes and the gene promoters. Even so, the number of available seed specific promoters 

Q is still limited. Furthermore, most of these promoters suffer from several drawbacks; they 

^ have a limited period of time during seed development in which they are active, and they 

may be expressed in other tissues as well. For example, storage protein gene promoters 
25 are expressed mainly in the mid to late embryo development stage (Chen et al, Dev. 

Genet., 10(2): 1 12-122 (1989); Keddie et al, Plant Mol. Biol., 19(3):443-53 (1992); 
Sjodahl et al, Planta., 197(2):264-71 (1995); Reidt et al, Plant J., 21(5):401-8 (2000)), 
and also may have activity in other tissues, such as pollen, stamen and/or anthers (as, for 
example, the phaseolin promoter, as reported by Ahm, V, et al Plant Phys 109:1 151- 
30 1158 (1995)). 

Therefore, it would be desirable to have additional seed-specific promoters for use 
in modifying seed products. It would also be desirable to have seed-specific promoters 
which are more tightly expressed only in seed tissue. It would also be desirable to have 
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seed-specific promoters which are active during different phases of seed development, 
and which are active to different degrees during seed development It would also be 
desirable to have a method by which such seed-specific promoters can be identified. 



SUMMARY OF THE INVENTION 

5 It is an object of the present invention to provide novel seed-specific promoters. It 

is a further object of the present invention to provide seed-specific promoters which are 
more tightly expressed seed tissue. It is yet a further object of the present invention to 
provide methods by which additional seed-specific promoters can be identified. It is yet a 
further object of the present invention to provide methods by which expression of genes 
1 0 of interest can be controlled by using novel seed-specific promoters, and methods by 
□ which production of proteins and other products of interest can be limited to seed tissue. 

S These and other objects are met by the present invention. In some embodiments 

the present invention provides an isolated DNA molecule comprising a plant promoter 
region, wherein the promoter region is a seed-specific promoter region and is selected 
Jj 15 from the group consisting of SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 (as 

Ci shown in Figure 1-12); preferably, the promoter region is selected from the group 

consisting of SEQ ID NOS: 1, 2, 3, 4, 10, and 12. 
y- In other embodiments, the present invention provides an isolated DNA molecule 

^ comprising a plant promoter region which hybridizes under low stringency to a sequence 

p 20 selected from the group consisting of SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 
H (as shown in Figures 1-12) and which is effective as a seed-specific promoter. In yet 

other embodiments, the present invention provides an isolated DNA molecule comprising 
a plant promoter region which hybridizes under medium stringency to a sequence selected 
from the group consisting of SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 (as 
25 shown in Figures 1-12) and which is effective as a seed-specific promoter. In some 

further embodiments, the present invention provides an isolated DNA molecule 
comprising a plant promoter region which hybridizes under high stringency to a sequence 
selected from the group consisting of SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 
(as shown in Figures 1-12) and which is effective as a seed-specific promoter. 
30 In certain embodiments, the present invention provides an isolated DNA molecule 

comprising a plant promoter region which is a fragment of one of SEQ ID NOS: 1, 2, 3, 
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4, 5, 6, 7, 8, 9, 10, 1 1, and 12 (as shown in Figures 1-12) and which is effective as a seed- 
specific promoter. In other embodiments, the present invention provides an isolated 
DNA molecule comprising a plant promoter region which is a modification of one of 
SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 (as shown in Figures 1-12), and 
5 which is effective as a seed-specific promoter. 

In other embodiments, the present invention provides an isolated DNA molecule 
comprising: a) a plant promoter region, wherein the promoter region is any of the 
promoter regions of the present invention described above; and b) a heterologous gene 
operably linked to the promoter region. Preferably, the promoter region is selected from 
10 the group consisting of SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, and 12 (as shown in 
Figures 1-12), and more preferably, the promoter region is selected from the group 
consisting of SEQ ID NOS: 1, 2, 3, 4, 10, and 12. In certain embodiments, the DNA 
n molecule further comprises a 3' non-translated DNA sequence which functions in plant 

~ cells to cause the addition of polyadenylated ribonucleotides to the 3' end of an mRNA 

3 15 sequence transcribed from the heterologous gene (in other words, a termination 

W sequence). 

if- In certain embodiments, the present invention provides an expression vector 

S comprising a DNA molecule, wherein the DNA molecule comprises: a) a plant promoter 

\ A region, wherein the promoter region is any of the promoter regions of the present 

!== 20 invention described above; and b) a heterologous gene operably linked to the promoter 
^ region. Preferably, the promoter region is selected from the group consisting of SEQ ID 

p NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 (as shown in Figures 1-12); more preferably, 

the promoter region is selected from the group consisting of SEQ ID NOS: 1, 2, 3, 4, 10, 

and 12. 

25 In some embodiments, the present invention provides a transgenic plant cell 

comprising a DNA molecule, wherein the DNA molecule comprise: a) a plant promoter 
region, wherein the promoter region is any of the seed-specific promoter regions of the 
present invention as described above; and b) a heterologous gene operably linked to the 
promoter region. In other embodiments, the present invention provides a transgenic plant 

30 comprising a DNA molecule, wherein the DNA molecule comprises: a) a plant promoter 
region, wherein the promoter region is any of the promoter regions of the present 
invention as described above and b) a heterologous gene operably linked to the promoter 
region. In other embodiments, the present invention provides a transgenic seed 
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comprising a DNA molecule, wherein the DNA molecule comprises: a) a plant promoter 
region, wherein the promoter region is any of the promoter regions of the present 
invention as described above; and b) a heterologous gene operably linked to the promoter 
region. In any of these embodiments, the promoter region preferably selected from the 
5 group consisting of SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, and 12 (as shown in 

Figures 1-12); more preferably, the promoter region is selected from the group consisting 
of SEQ ED NOS: 1, 2, 3, 4, 10, and 12. 

In some embodiments, the present invention provides a method for identifying a 
seed-specific promoter, comprising: a) providing sequences for a set of ESTs, wherein the 
10 ESTs are expressed in developing plant seed tissue; b) analyzing the ESTs by micro array 
analysis to determine which ESTs are preferentially expressed in developing plant seed 
tissues; c) selecting at least one EST which is preferentially expressed in developing plant 

Q seed tissues; d) identifying a genome sequence which corresponds to the at least one EST; 

e) analyzing a flanking sequence of the genome sequence to identify a seed-specific 

~n 1 5 promoter region. In particular embodiments, the method further comprises f) 

characterizing the effectiveness of the identified promoter region to specifically express a 

o n gene in a transgenic plant seed tissue. 

4j In certain embodiments, the present invention provides a method for identifying a 

^ seed-specific promoter, comprising: a) providing at least a partial genomic sequence of a 

U' 20 plant; b) analyzing the sequence for regions which are homologous to at least one nucleic 

s - I 

2? acid sequence selected from the group consisting of SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 

q 10, 11, and 12 (as shown in Figures 1-12), to identify a seed-specific promoter. In 

>f * particular embodiments, the method further comprises c) characterizing the effectiveness 

of the identified promoter region to specifically express a gene in a transgenic plant seed 
25 tissue. 

In other embodiments, the present invention provides a method for identifying a 
seed-specific promoter, comprising: a) providing at least a partial first genomic sequence 
of a first plant, and b) analyzing the first genomic sequence for regions which are 
homologous to regions of a second genome sequence of a second plant, wherein the plant 
30 is Arabidopsis and wherein the regions are selected from the group of regions consisting 
of 65,745— 66,103; 32,165—32,525; 2559—243, 67,515—67,329; 67,229—67,048; 
27,709—28,066; 8408—8025; 68,590—68,226; 82,725—82,350; 18,058—17,673; 
52,852—52,660; 52,589—52,400; 52,096—52,065; 14,510—14,37; 14,289—14,106; 
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14,033—13,975; 73,712—73,648; 72,555—73,400; and 73,308—73,153; c) identifying 
at least a first region from the first plant genomic sequence with homology to at least a 
second region of the second plant genomic sequence; and d) identifying a 5' flanking 
sequence to the first region to identify a seed-specific promoter. In particular 
5 embodiments, the method further comprises e) characterizing the effectiveness of the 

identified promoter region to specifically express a gene in a transgenic plant seed tissue. 
In particular embodiments, the present invention provides the isolated DNA molecule 
identified in step d) above. 

In other embodiments, the present invention provides an isolated DNA molecule 
1 0 comprising: a) a seed-specific promoter region identified according to any of the methods 
of the present invention as described above; and b) a heterologous gene. In some 
embodiments, the isolated DNA molecule further comprises a 3' non-translated DNA 
O sequence which functions in plant cells to cause the addition of polyadenylated 

§" ribonucleotides to the 3' end of an mRNA sequence transcribed from the heterologous 

yg 1 5 gene (in other words, a termination sequence). In other embodiments, the present 

5 invention provides expression vectors comprising the DNA molecule comprising: a) a 

S seed-specific promoter region identified according to any of the methods of the present 

*0 invention as described above; and b) a heterologous gene. In particular embodiments, the 

y. present invention provides transgenic plant cells comprising the DNA molecule 

1= 20 comprising: a) a seed-specific promoter region identified according to any of the methods 
'fi of the present invention as described above; and b) a heterologous gene. In other 

p embodiments, the present invention provides transgenic plants comprising the DNA 

molecule comprising: a) a seed-specific promoter region identified according to any of 
the methods of the present invention as described above; and b) a heterologous gene. In 
25 certain embodiments, the present invention provides transgenic plant seeds, comprising 

the DNA molecule comprising: a) a seed-specific promoter region identified according to 
any of the methods of the present invention as described above; and b) a heterologous 
gene. 

In other embodiments, the present invention provides methods of producing a 
30 product of interest in a plant seed, comprising: a) providing a transgenic plant comprising 
a nucleic acid sequence encoding the product of interest operably linked to a promoter 
region, where the promoter region is any of the seed-specific promoter regions of the 
present invention as described above or identified by any of the methods of the present 
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invention as described above; and b) growing the plant under conditions such that the 
product is produced in a seed of the plant. Preferably, the promoter region is selected 
from the group consisting of SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, and 12 (as 
shown in Figures 1-12); more preferably, the promoter region is selected from the group 
5 consisting of SEQ ED NOS: 1, 2, 3, 4, 10, and 12. 

In some embodiments, the present invention provides methods of producing a 
protein of interest in a plant seed, comprising: a) providing a transgenic plant comprising 
a nucleic acid sequence encoding the protein of interest operably linked to a promoter 
region, where the promoter region is any of the seed-specific promoter regions of the 
1 0 present invention as described above or identified by any of the methods of the present 
invention as described above; and b) growing the plant under conditions such that the 
protein is produced in seeds of the plant. Preferably, the promoter region is selected from 

Q the group consisting of SEQ ID NOS: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 (as shown in 

Figures 1-12); more preferably, the promoter region is selected from the group consisting 

J 15 ofSEQ ID NOS: 1,2, 3,4, 10, and 12. 

W In particular embodiments, the present invention provides methods of controlling 

in expression of a nucleic acid sequence of interest in a plant, comprising: a) providing a 

5 transgenic plant comprising a nucleic acid sequence encoding the product of interest 

operably linked to a promoter region, where the promoter region is any of the seed- 
M> 20 specific promoter regions of the present invention as described above or identified by any 

of the methods of the present invention as described above; and b) growing the plant 
p under conditions such that the nucleic acid sequence is expressed in a seed of the plant. 

^ Preferably, the promoter region is selected from the group consisting of SEQ ID NOS : 1 , 

2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, and 12 (as shown in Figures 1-12); more preferably, the 
25 promoter region is selected from the group consisting of SEQ ID NOS: 1, 2, 3, 4, 10, and 

12. 



DESCRIPTION OF THE FIGURES 

Figure 1 shows the nucleic acid sequence of promoter region PI of gene 1 (SEQ 
ID NO: 1). 

30 Figure 2 shows the nucleic acid sequence of promoter region P3 of gene 3 (SEQ 

ID NO: 2). 
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Figure 3 shows the nucleic acid sequence of promoter region P4 of gene 4 (SEQ 
ID NO: 3). 

Figure 4 shows the nucleic acid sequence of promoter region P6 of gene 6 (SEQ 
ID NO: 4). 

Figure 5 shows the nucleic acid sequence of promoter region P7 of gene 7 (SEQ 
ID NO: 5). 

Figure 6 shows the nucleic acid sequence of promoter region P9 of gene 9 (SEQ 
ID NO: 6). 

Figure 7 shows the nucleic acid sequence of promoter region PI 3 of gene 13 
(SEQ ID NO: 7). 

Figure 8 shows the nucleic acid sequence of promoter region P14 of gene 14 
(SEQ ID NO: 8). 

Figure 9 shows the nucleic acid sequence of promoter region PI 5 of gene 15 
(SEQ ID NO: 9). 

Figure 10 shows the nucleic acid sequence of promoter region PI 6 of gene 16 
(SEQ ID NO: 10). 

Figure 11 shows the nucleic acid sequence of promoter region PI 7 of gene 17 
(SEQ ID NO: 11). 

Figure 12 shows the nucleic acid sequence of promoter region PI 9 of gene 19 
(SEQ ID NO: 12). 

Figure 13 shows the map of the vector pBlue-BA-GUN. 
Figure 14 shows the map of the vector pLH7N. 

figure 15 shows the nucleic acid sequence of the promoter region P6 of gene 6, 
with an inverted repeat indicated by highlight. The BLAST result of the sequence blasted 
against its \everse complementary sequence is also shown. 

Fi guise 16 shows the nucleic acid sequence of the promoter region P14 of gene 14, 
with an inverted repeat indicated by highlight. The BLAST result of the sequence blasted 
against its reveke complementary sequence is also shown. 

Figure 11 shows the nucleic acid sequence of the promoter region PI 6 of gene 16, 
with an inverted repeat indicated by highlight. The BLAST result of the sequence blasted 
against its reverse complementary sequence is also shown. 

Figure 18 shows Table 2, "Selected Seed-Specific Genes." 
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Figure 19 shows Table 3, "Primers for PCR Amplification of 12 Promoter 
Regions." 

Figure 20 shows a comparison of the GUS activities of different promoters. 
Seeds were harvested at 16 DAP. The extracts prepared from the harvested seeds were 
5 used for GUS and protein assays. For each promoter-GUS construct, six transgenic lines 
were selected for analysis. The results are listed in decreasing order of GUS activity. 
Figure 21 shows the expression of GUS from the P4 construct in floral tissue. 
Figure 22 shows the expression pattern of six promoters. Seeds at 4, 5, 6, 7, 8, 
10, 12, 14 DAP were removed from siliques for GUS histochemical staining. The staining 
10 was done at 37 °C for 16h 
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DEFINITIONS 

To facilitate an understanding of the present invention, a number of terms and 
phrases as used herein are defined below: 
uj3 15 The term "plant" is used in it broadest sense. It includes, but is not limited to, any 

^ species of woody, ornamental or decorative, crop or cereal, fruit or vegetable plant, and 

ypj photosynthetic green algae (for example, Chlamydomonas reinhardtii). It also refers to a 

: 43 plurality of plant cells which are largely differentiated into a structure that is present at 

|u. any stage of a plant's development. Such structures include, but are not limited to, a fruit, 

iH= 20 shoot, stem, leaf, flower petal, etc. The term "plant tissue" includes differentiated and 
t£ undifferentiated tissues of plants including those present in roots, shoots, leaves, pollen, 

p seeds and tumors, as well as cells in culture (for example, single cells, protoplasts, 

^ embryos, callus, etc.). Plant tissue may be in planta, in organ culture, tissue culture, or 

cell culture. The term "plant part" as used herein refers to a plant structure or a plant 
25 tissue. The term "seed" as used herein includes all tissues which result from the 

development of a fertilized plant egg; thus, it includes a matured ovule containing an 
embryo and stored nutrients, as well as the integument or integuments differentiated as 
the protective seed coat, or testa. The nutrients in seed tissues may be stored in the 
endosperm or in the body of the embryo, notably in the cotyledons, or both. 
30 The term "crop" or "crop plant" is used in its broadest sense. The term includes, 

but is not limited to, any species of plant or algae edible by humans or used as a feed for 
animals or used, or consumed by humans, or any plant or algae used in industry or 
commerce. 
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The term "oil-producing species" refers to plant species which produce and store 
triacylglycerol in specific organs, primarily in seeds. Such species include but are not 
limited to soybean (Glycine max), rapeseed and canola (including Brassica napus and B. 
campestris), sunflower (Helianthus annus), cotton (Gossypium hirsutum), corn (Zea 
mays), cocoa (Theobroma cacao), safflower (Carthamus tinctorius), oil palm (Elaeis 
guineensis), coconut palm (Cocos nucifera), flax (Linum usitatissimum), castor (Ricinus 
communis) and peanut (Arachis hypogaea). The group also includes non-agronomic 
species which are useful in developing appropriate expression vectors such as tobacco, 
rapid cycling Brassica species, and Arabidopsis thaliana, and wild species which may be 
a source of unique fatty acids. 

The term plant cell "compartments or organelles" is used in its broadest sense. 
The term includes but is not limited to, the endoplasmic reticulum, Golgi apparatus, trans 
Golgi network, plastids, sarcoplasmic reticulum, glyoxysomes, mitochondrial, 
chloroplast, and nuclear membranes, and the like. 

The terms "protein" and "polypeptide" refer to compounds comprising amino 
acids joined via peptide bonds and are used interchangeably. A "protein" or 
"polypeptide" encoded by a gene is not limited to the amino acid sequence encoded by the 
gene, but includes post-translational modifications of the protein. 

Where the term "amino acid sequence" is recited herein to refer to an amino acid 
sequence of a protein molecule, "amino acid sequence" and like terms, such as 
"polypeptide" or "protein" are not meant to limit the amino acid sequence to the 
complete, native amino acid sequence associated with the recited protein molecule. 
Furthermore, an "amino acid sequence" can be deduced from the nucleic acid sequence 
encoding the protein. 

The term "portion" or "fragment" when used in reference to a protein (as in "a 
portion of a given protein") refers to fragments of that protein. The fragments may range 
in size from four amino acid residues to the entire amino sequence minus one amino acid. 

The term "chimera" when used in reference to a polypeptide refers to the 
expression product of two or more coding sequences obtained from different genes, that 
have been cloned together and that, after translation, act as a single polypeptide sequence. 
Chimeric polypeptides are also referred to as "hybrid" polypeptides. The coding 
sequences includes those obtained from the same or from different species of organisms. 
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The term "fusion" when used in reference to a polypeptide refers to a chimeric 
protein containing a protein of interest joined to an exogenous protein fragment (the 
fusion partner). The fusion partner may serve various functions, including enhancement 
of solubility of the polypeptide of interest, as well as providing an "affinity tag" to allow 
purification of the recombinant fusion polypeptide from a host cell or from a supernatant 
or from both. If desired, the fusion partner may be removed from the protein of interest 
after or during purification. 

The term "homolog" or "homologous" when used in reference to a polypeptide 
refers to a high degree of sequence identity between two polypeptides, or to a high degree 
of similarity between the three-dimensional structure or to a high degree of similarity 
between the active site and the mechanism of action. In a preferred embodiment, a 
homolog has a greater than 60% sequence identity, and more preferrably greater than 75% 
sequence identity, and still more preferably greater than 90% sequence identity, with a 
reference sequence. 

As applied to polypeptides, the term "substantial identity" means that two peptide 
sequences, when optimally aligned, such as by the programs GAP or BESTFIT using 
default gap weights, share at least 80 percent sequence identity, preferably at least 90 
percent sequence identity, more preferably at least 95 percent sequence identity or more 
(for example, 99 percent sequence identity). Preferably, residue positions which are not 
identical differ by conservative amino acid substitutions. 

The terms "variant" and "mutant" when used in reference to a polypeptide refer to 
an amino acid sequence that differs by one or more amino acids from another, usually 
related polypeptide. The variant may have "conservative" changes, wherein a substituted 
amino acid has similar structural or chemical properties. One type of conservative amino 
acid substitutions refer to the interchangeability of residues having similar side chains. 
For example, a group of amino acids having aliphatic side chains is glycine, alanine, 
valine, leucine, and isoleucine; a group of amino acids having aliphatic-hydroxyl side 
chains is serine and threonine; a group of amino acids having amide-containing side 
chains is asparagine and glutamine; a group of amino acids having aromatic side chains is 
phenylalanine, tyrosine, and tryptophan; a group of amino acids having basic side chains 
is lysine, arginine, and histidine; and a group of amino acids having sulfur-containing side 
chains is cysteine and methionine. Preferred conservative amino acids substitution groups 
are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine, alanine-valine, and 
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asparagine-glutamine. More rarely, a variant may have "non-conservative" changes (for 
example, replacement of a glycine with a tryptophan). Similar minor variations may also 
include amino acid deletions or insertions in other words, additions), or both. Guidance 
in determining which and how many amino acid residues may be substituted, inserted or 
deleted without abolishing biological activity may be found using computer programs 
well known in the art, for example, DNAStar software. Variants can be tested in 
functional assays. Preferred variants have less than 10%, and preferably less than 5%, 
and still more preferably less than 2% changes (whether substitutions, deletions, and so 
on). 

The term "gene" refers to a nucleic acid (for example, DNA or RNA) sequence 
that comprises coding sequences necessary for the production of an RNA, or a 
polypeptide or its precursor. A functional polypeptide can be encoded by a full length 
coding sequence or by any portion of the coding sequence as long as the desired activity 
or functional properties (for example, enzymatic activity, ligand binding, signal 
transduction, etc.) of the polypeptide are retained. The term "portion" when used in 
reference to a gene refers to fragments of that gene. The fragments may range in size 
from a few nucleotides to the entire gene sequence minus one nucleotide. Thus, "a 
nucleotide comprising at least a portion of a gene" may comprise fragments of the gene or 
the entire gene. 

The term "gene" also encompasses the coding regions of a structural gene and 
includes sequences located adjacent to the coding region on both the 5' and 3' ends for a 
distance of about 1 kb on either end such that the gene corresponds to the length of the 
full-length mRNA. The sequences which are located 5' of the coding region and which 
are present on the mRNA are referred to as 5' non-translated sequences. The sequences 
which are located 3' or downstream of the coding region and which are present on the 
mRNA are referred to as 3' non-translated sequences. The term "gene" encompasses both 
cDNA and genomic forms of a gene. A genomic form or clone of a gene contains the 
coding region interrupted with non-coding sequences termed "introns" or "intervening 
regions" or "intervening sequences." Introns are segments of a gene which are transcribed 
into nuclear RNA (hnRNA); introns may contain regulatory elements such as enhancers. 
Introns are removed or "spliced out" from the nuclear or primary transcript; introns 
therefore are absent in the messenger RNA (mRNA) transcript. The mRNA functions 
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during translation to specify the sequence or order of amino acids in a nascent 
polypeptide. 

In addition to containing introns, genomic forms of a gene may also include 
sequences located on both the 5' and 3' end of the sequences which are present on the 
RNA transcript. These sequences are referred to as "flanking" sequences or regions 
(these flanking sequences are located 5' or 3' to the non-translated sequences present on 
the mRNA transcript). The 5' flanking region may contain regulatory sequences such as 
promoters and enhancers which control or influence the transcription of the gene. The 3' 
flanking region may contain sequences which direct the termination of transcription, 
posttranscriptional cleavage and polyadenylation. 

The term "heterologous" when used in reference to a gene refers to a gene that is 
not in its natural environment (in other words, has been altered by the hand of man). For 
example, a heterologous gene includes a gene from one species introduced into another 
species. A heterologous gene also includes a gene native to an organism that has been 
altered in some way (for example, mutated, added in multiple copies, linked to a 
non-native promoter or enhancer sequence, etc.). Heterologous genes may comprise plant 
gene sequences that comprise cDNA forms of a plant gene; the cDNA sequences may be 
expressed in either a sense (to produce mRNA) or anti-sense orientation (to produce an 
anti-sense RNA transcript that is complementary to the mRNA transcript). Heterologous 
genes are distinguished from endogenous plant genes in that the heterologous gene 
sequences are typically joined to nucleotide sequences comprising regulatory elements 
such as promoters that are not found naturally associated with the gene for the protein 
encoded by the heterologous gene or with plant gene sequences in the chromosome, or are 
associated with portions of the chromosome not found in nature (for example, genes 
expressed in loci where the gene is not normally expressed). 

The term "oligonucleotide" refers to a molecule comprised of two or more 
deoxyribonucleotides or ribonucleotides, preferably more than three, and usually more 
than ten. The exact size will depend on many factors, which in turn depends on the 
ultimate function or use of the oligonucleotide. The oligonucleotide may be generated in 
any manner, including chemical synthesis, DNA replication, reverse transcription, or a 
combination thereof. 

The term "nucleotide sequence of interest" or "nucleic acid sequence of interest" 
refers to any nucleotide sequence (for example, RNA or DNA), the manipulation of 
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which may be deemed desirable for any reason (for example, treat disease, confer 
improved qualities, etc.), by one of ordinary skill in the art. Such nucleotide sequences 
include, but are not limited to, coding sequences of structural genes (for example, reporter 
genes, selection marker genes, oncogenes, drug resistance genes, growth factors, etc.), 
and non-coding regulatory sequences which do not encode an mRNA or protein product 
(for example, promoter sequence, polyadenylation sequence, termination sequence, 
enhancer sequence, etc.). 

The term "structural" when used in reference to a gene or to a nucleotide or 
nucleic acid sequence refers to a gene or a nucleotide or nucleic acid sequence whose 
ultimate expression product is a protein (such as an enzyme or a structural protein), an an 
rRNA, an sRNA, a tRNA, etc. 

The term "fragment" or "portion" when used in reference to a an oligonucleotide 
sequence or nucleic acid sequence refers to a length of the sequence which is less than the 
entire length is it occurs naturally (for example, as a DNA, RNA, or cDNA molecule). 
The fragments may range in size from a few nucleotides to the entire nucleic sequence 
minus one nucleotide. Thus, "a nucleotide comprising at least a portion of a gene" may 
comprise fragments of the gene or the entire gene 

The term "an oligonucleotide having a nucleotide sequence encoding a gene" or 
"a nucleic acid sequence encoding" a specified gene product refers to a nucleic acid 
sequence comprising the coding region of a gene or in other words the nucleic acid 
sequence which encodes a gene product. The coding region may be present in either a 
cDNA, genomic DNA or RNA form. When present in a DNA form, the oligonucleotide 
may be single-stranded (in other words, the sense strand) or double-stranded. Suitable 
control elements such as enhancers/promoters, splice junctions, polyadenylation signals, 
etc. may be placed in close proximity to the coding region of the gene if needed to permit 
proper initiation of transcription and/or correct processing of the primary RNA transcript. 
Alternatively, the coding region utilized in the expression vectors of the present invention 
may contain endogenous enhancers/promoters, splice junctions, intervening sequences, 
polyadenylation signals, etc. or a combination of both endogenous and exogenous control 
elements. 

The term "recombinant" when made in reference to a nucleic acid molecule refers 
to a nucleic acid molecule which is comprised of segments of nucleic acid joined together 
by means of molecular biological techniques. The term "recombinant" when made in 
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reference to a protein or a polypeptide refers to a protein molecule which is expressed 
using a recombinant nucleic acid molecule. 

The terms "complementary" and "complementarity" refer to polynucleotides (in 
other words, a sequence of nucleotides) related by the base-pairing rules. For example, 
for the sequence "A-G-T," is complementary to the sequence "T-C-A." Complementarity 
may be "partial," in which only some of the nucleic acids' bases are matched according to 
the base pairing rules. Or, there may be "complete" or "total" complementarity between 
the nucleic acids. The degree of complementarity between nucleic acid strands has 
significant effects on the efficiency and strength of hybridization between nucleic acid 
strands. This is of particular importance in amplification reactions, as well as detection 
methods which depend upon binding between nucleic acids. 

The term "homology" when used in relation to nucleic acids refers to a degree of 
complementarity. There may be partial homology or complete homology (in other words, 
identity). "Sequence identity" refers to a measure of relatedness between two or more 
nucleic acids or proteins, and is given as a percentage with reference to the total 
comparison length. The identity calculation takes into account those nucleotide or amino 
acid residues that are identical and in the same relative positions in their respective larger 
sequences. Calculations of identity may be performed by algorithms contained within 
computer programs such as "GAP" (Genetics Computer Group, Madison, Wis.) and 
"ALIGN" (DNAStar, Madison, Wis.). A partially complementary sequence is one that at 
least partially inhibits (or competes with) a completely complementary sequence from 
hybridizing to a target nucleic acid is referred to using the functional term "substantially 
homologous." The inhibition of hybridization of the completely complementary sequence 
to the target sequence may be examined using a hybridization assay (Southern or 
Northern blot, solution hybridization and the like) under conditions of low stringency. A 
substantially homologous sequence or probe will compete for and inhibit the binding (in 
other words, the hybridization) of a sequence which is completely homologous to a target 
under conditions of low stringency. This is not to say that conditions of low stringency 
are such that non-specific binding is permitted; low stringency conditions require that the 
binding of two sequences to one another be a specific (in other words, selective) 
interaction. The absence of non-specific binding may be tested by the use of a second 
target which lacks even a partial degree of complementarity (for example, less than about 
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30% identity); in the absence of non-specific binding the probe will not hybridize to the 
second non-complementary target. 

The following terms are used to describe the sequence relationships between two 
or more polynucleotides: "reference sequence", "sequence identity", "percentage of 
sequence identity", and "substantial identity". A "reference sequence" is a defined 
sequence used as a basis for a sequence comparison; a reference sequence may be a 
subset of a larger sequence, for example, as a segment of a full-length cDNA sequence 
given in a sequence listing or may comprise a complete gene sequence. Generally, a 
reference sequence is at least 20 nucleotides in length, frequently at least 25 nucleotides 
in length, and often at least 50 nucleotides in length. Since two polynucleotides may each 
(1) comprise a sequence (in other words, a portion of the complete polynucleotide 
sequence) that is similar between the two polynucleotides, and (2) may further comprise a 
sequence that is divergent between the two polynucleotides, sequence comparisons 
between two (or more) polynucleotides are typically performed by comparing sequences 
of the two polynucleotides over a "comparison window" to identify and compare local 
regions of sequence similarity. A "comparison window", as used herein, refers to a 
conceptual segment of at least 20 contiguous nucleotide positions wherein a 
polynucleotide sequence may be compared to a reference sequence of at least 20 
contiguous nucleotides and wherein the portion of the polynucleotide sequence in the 
comparison window may comprise additions or deletions (in other words, gaps) of 20 
percent or less as compared to the reference sequence (which does not comprise additions 
or deletions) for optimal alignment of the two sequences. Optimal alignment of sequences 
for aligning a comparison window may be conducted by the local homology algorithm of 
Smith and Waterman (Smith and Waterman, Adv. Appl. Math. 2: 482 (1981)) by the 
homology alignment algorithm of Needleman and Wunsch (Needleman and Wunsch, J. 
Mol. Biol. 48:443 (1970)), by the search for similarity method of Pearson and Lipman 
(Pearson and Lipman, Proc. Natl. Acad. Sci. (U.S.A.) 85:2444 (1988)), by computerized 
implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the 
Wisconsin Genetics Software Package Release 7.0, Genetics Computer Group, 575 
Science Dr., Madison, Wis.), or by inspection, and the best alignment (in other words, 
resulting in the highest percentage of homology over the comparison window) generated 
by the various methods is selected. The term "sequence identity" means that two 
polynucleotide sequences are identical (in other words, on a nucleotide-by-nucleotide 
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basis) over the window of comparison. The term "percentage of sequence identity" is 
calculated by comparing two optimally aligned sequences over the window of 
comparison, determining the number of positions at which the identical nucleic acid base 
(for example, A, T, C, G, U, or I) occurs in both sequences to yield the number of 
matched positions, dividing the number of matched positions by the total number of 
positions in the window of comparison (in other words, the window size), and 
multiplying the result by 100 to yield the percentage of sequence identity. The terms 
"substantial identity" as used herein denotes a characteristic of a polynucleotide sequence, 
wherein the polynucleotide comprises a sequence that has at least 85 percent sequence 
identity, preferably at least 90 to 95 percent sequence identity, more usually at least 99 
percent sequence identity as compared to a reference sequence over a comparison 
window of at least 20 nucleotide positions, frequently over a window of at least 25-50 
nucleotides, wherein the percentage of sequence identity is calculated by comparing the 
reference sequence to the polynucleotide sequence which may include deletions or 
additions which total 20 percent or less of the reference sequence over the window of 
comparison. The reference sequence may be a subset of a larger sequence, for example, as 
a segment of the full-length sequences of the compositions claimed in the present 
invention. 

The term "substantially homologous" when used in reference to a double-stranded 
nucleic acid sequence such as a cDNA or genomic clone refers to any probe that can 
hybridize to either or both strands of the double-stranded nucleic acid sequence under 
conditions of low to high stringency as described below. 

The term "substantially homologous" when used in reference to a single-stranded 
nucleic acid sequence refers to any probe that can hybridize (in other words, it is the 
complement of) the single-stranded nucleic acid sequence under conditions of low to high 
stringency as described below. 

The term "hybridization" refers to the pairing of complementary nucleic acids. 
Hybridization and the strength of hybridization (in other words, the strength of the 
association between the nucleic acids) is impacted by such factors as the degree of 
complementary between the nucleic acids, stringency of the conditions involved, the T ra 
of the formed hybrid, and the G:C ratio within the nucleic acids. A single molecule that 
contains pairing of complementary nucleic acids within its structure is said to be 
"self-hybridized." 
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The term "T ra " refers to the "melting temperature" of a nucleic acid. The melting 
temperature is the temperature at which a population of double-stranded nucleic acid 
molecules becomes half dissociated into single strands. The equation for calculating the 
T m of nucleic acids is well known in the art. As indicated by standard references, a 
simple estimate of the T m value may be calculated by the equation: T m = 81.5 + 0.41(% G 
+ C), when a nucleic acid is in aqueous solution at 1 M NaCl (See for example, Anderson 
and Young, Quantitative Filter Hybridization, in Nucleic Acid Hybridization (1985)). 
Other references include more sophisticated computations that take structural as well as 
sequence characteristics into account for the calculation of T m . 

The term "stringency" refers to the conditions of temperature, ionic strength, and 
the presence of other compounds such as organic solvents, under which nucleic acid 
hybridizations are conducted. With "high stringency" conditions, nucleic acid base 
pairing will occur only between nucleic acid fragments that have a high frequency of 
complementary base sequences. Thus, conditions of "low" stringency are often required 
with nucleic acids that are derived from organisms that are genetically diverse, as the 
frequency of complementary sequences is usually less. 

"Low stringency conditions" when used in reference to nucleic acid hybridization 
comprise conditions equivalent to binding or hybridization at 42°C in a solution 
consisting of 5X SSPE (43.8 g/1 NaCl, 6.9 g/1 NaH 2 P0 4 *H 2 0 and 1.85 g/1 EDTA, pH 
adjusted to 7.4 with NaOH), 0.1% SDS, 5X Denhardt's reagent (50X Denhardt's contains 
per 500 ml: 5 g Ficoll (Type 400, Pharmacia), 5 g BSA (Fraction V; Sigma)) and 100 
|!g/ml denatured salmon sperm DNA followed by washing in a solution comprising 5X 
SSPE, 0. 1% SDS at 42°C when a probe of about 500 nucleotides in length is employed. 

"Medium stringency conditions" when used in reference to nucleic acid 
hybridization comprise conditions equivalent to binding or hybridization at 42°C in a 
solution consisting of 5X SSPE (43.8 g/1 NaCl, 6.9 g/1 NaH 2 PCyH 2 0 and 1.85 g/1 EDTA, 
pH adjusted to 7.4 with NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 ng/ml 
denatured salmon sperm DNA followed by washing in a solution comprising 1.0X SSPE, 
1.0% SDS at 42°C when a probe of about 500 nucleotides in length is employed. 

"High stringency conditions" when used in reference to nucleic acid hybridization 
comprise conditions equivalent to binding or hybridization at 42°C in a solution 
consisting of 5X SSPE (43.8 g/1 NaCl, 6.9 g/1 NaH 2 P0 4 «H 2 0 and 1.85 g/1 EDTA, pH 
adjusted to 7.4 with NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 ng/ml denatured 
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salmon sperm DNA followed by washing in a solution comprising 0.1X SSPE, 1.0% SDS 
at 42°C when a probe of about 500 nucleotides in length is employed. 

It is well known that numerous equivalent conditions may be employed to 
comprise low stringency conditions; factors such as the length and nature (DNA, RNA, 
5 base composition) of the probe and nature of the target (DNA, RNA, base composition, 
present in solution or immobilized, etc.) and the concentration of the salts and other 
components (for example, the presence or absence of formamide, dextran sulfate, 
polyethylene glycol) are considered and the hybridization solution may be varied to 
generate conditions of low stringency hybridization different from, but equivalent to, the 
10 above listed conditions. In addition, the art knows conditions that promote hybridization 
under conditions of high stringency (for example, increasing the temperature of the 
hybridization and/or wash steps, the use of formamide in the hybridization solution, etc.). 
O "Amplification" is a special case of nucleic acid replication involving 

^ template specificity. It is to be contrasted with non-specific template replication (in other 

yD 1 5 words, replication that is template-dependent but not dependent on a specific template). 

!S! Template specificity is here distinguished from fidelity of replication (in other words, 

yj synthesis of the proper polynucleotide sequence) and nucleotide (ribo- or deoxyribo-) 

specificity. Template specificity is frequently described in terms of "target" specificity. 
iU Target sequences are "targets" in the sense that they are sought to be sorted out from other 

f * 20 nucleic acid. Amplification techniques have been designed primarily for this sorting out. 

% 5-1 

H Template specificity is achieved in most amplification techniques by the choice of 

O enzyme. Amplification enzymes are enzymes that, under conditions they are used, will 

process only specific sequences of nucleic acid in a heterogeneous mixture of nucleic 
acid. For example, in the case of Q-replicase, MDV-1 RNA is the specific template for 
25 the replicase (Kacian et al, Proc. Natl. Acad. Sci. USA, 69:3038 (1972)). Other nucleic 
acid will not be replicated by this amplification enzyme. Similarly, in the case of T7 
RNA polymerase, this amplification enzyme has a stringent specificity for its own 
promoters (Chamberlin et al, Nature, 228:227 (1970)). In the case of T4 DNA ligase, the 
enzyme will not ligate the two oligonucleotides or polynucleotides, where there is a 
30 mismatch between the oligonucleotide or polynucleotide substrate and the template at the 
ligation junction (Wu and Wallace, Genomics, 4:560 (1989)). Finally, Taq and Pfu 
polymerases, by virtue of their ability to function at high temperature, are found to display 
high specificity for the sequences bounded and thus defined by the primers; the high 
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temperature results in thermodynamic conditions that favor primer hybridization with the 
target sequences and not hybridization with non-target sequences (H.A. Erlich (ed.), PCR 
Technology, Stockton Press (1989)). 

The term "amplifiable nucleic acid" refers to nucleic acids that may be amplified 
by any amplification method. It is contemplated that "amplifiable nucleic acid" will 
usually comprise "sample template." 

The term "sample template" refers to nucleic acid originating from a sample that 
is analyzed for the presence of "target" (defined below). In contrast, "background 
template" is used in reference to nucleic acid other than sample template that may or may 
not be present in a sample. Background template is most often inadvertent. It may be the 
result of carryover, or it may be due to the presence of nucleic acid contaminants sought 
to be purified away from the sample. For example, nucleic acids from organisms other 
than those to be detected may be present as background in a test sample. 

The term "primer" refers to an oligonucleotide, whether occurring naturally as in 
a purified restriction digest or produced synthetically, which is capable of acting as a 
point of initiation of synthesis when placed under conditions in which synthesis of a 
primer extension product which is complementary to a nucleic acid strand is induced, (in 
other words, in the presence of nucleotides and an inducing agent such as DNA 
polymerase and at a suitable temperature and pH). The primer is preferably single 
stranded for maximum efficiency in amplification, but may alternatively be double 
stranded. If double stranded, the primer is first treated to separate its strands before being 
used to prepare extension products. Preferably, the primer is an 

oligodeoxyribonucleotide. The primer must be sufficiently long to prime the synthesis of 
extension products in the presence of the inducing agent. The exact lengths of the 
primers will depend on many factors, including temperature, source of primer and the use 
of the method. 

The term "probe" refers to an oligonucleotide (in other words, a sequence of 
nucleotides), whether occurring naturally as in a purified restriction digest or produced 
synthetically, recombinantly or by PCR amplification, that is capable of hybridizing to 
another oligonucleotide of interest. A probe may be single-stranded or double-stranded. 
Probes are useful in the detection, identification and isolation of particular gene 
sequences. It is contemplated that any probe used in the present invention will be 
labelled with any "reporter molecule," so that is detectable in any detection system, 
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including, but not limited to enzyme (for example, ELISA, as well as enzyme-based 
histochemical assays), fluorescent, radioactive, and luminescent systems. It is not 
intended that the present invention be limited to any particular detection system or label. 

The term "target," when used in reference to the polymerase chain reaction, refers 
to the region of nucleic acid bounded by the primers used for polymerase chain reaction. 
Thus, the "target" is sought to be sorted out from other nucleic acid sequences. A 
"segment" is defined as a region of nucleic acid within the target sequence. 

The term "polymerase chain reaction" ("PCR") refers to the method of K.B. 
Mullis U.S. Patent Nos. 4,683,195, 4,683,202, and 4,965,188, that describe a method for 
increasing the concentration of a segment of a target sequence in a mixture of genomic 
DNA without cloning or purification. This process for amplifying the target sequence 
consists of introducing a large excess of two oligonucleotide primers to the DNA mixture 
containing the desired target sequence, followed by a precise sequence of thermal cycling 
in the presence of a DNA polymerase. The two primers are complementary to their 
respective strands of the double stranded target sequence. To effect amplification, the 
mixture is denatured and the primers then annealed to their complementary sequences 
within the target molecule. Following annealing, the primers are extended with a 
polymerase so as to form a new pair of complementary strands. The steps of 
denaturation, primer annealing, and polymerase extension can be repeated many times (in 
other words, denaturation, annealing and extension constitute one "cycle"; there can be 
numerous "cycles") to obtain a high concentration of an amplified segment of the desired 
target sequence. The length of the amplified segment of the desired target sequence is 
determined by the relative positions of the primers with respect to each other, and 
therefore, this length is a controllable parameter. By virtue of the repeating aspect of the 
process, the method is referred to as the "polymerase chain reaction" (hereinafter "PCR"). 
Because the desired amplified segments of the target sequence become the predominant 
sequences (in terms of concentration) in the mixture, they are said to be "PCR amplified." 

With PCR, it is possible to amplify a single copy of a specific target sequence in 
genomic DNA to a level detectable by several different methodologies (for example, 
hybridization with a labeled probe; incorporation of biotinylated primers followed by 
avidin-enzyme conjugate detection; incorporation of 32 P-labeled deoxynucleotide 
triphosphates, such as dCTP or dATP, into the amplified segment). In addition to 
genomic DNA, any oligonucleotide or polynucleotide sequence can be amplified with the 
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appropriate set of primer molecules. In particular, the amplified segments created by the 
PCR process itself are, themselves, efficient templates for subsequent PCR 
amplifications. 

The terms "PCR product," "PCR fragment," and "amplification product" refer to 
the resultant mixture of compounds after two or more cycles of the PCR steps of 
denaturation, annealing and extension are complete. These terms encompass the case 
where there has been amplification of one or more segments of one or more target 
sequences. 

The term "amplification reagents" refers to those reagents (deoxyribonucleotide 
triphosphates, buffer, etc.), needed for amplification except for primers, nucleic acid 
template, and the amplification enzyme. Typically, amplification reagents along with 
other reaction components are placed and contained in a reaction vessel (test tube, 
microwell, etc.). 

The term "reverse-transcriptase" or "RT-PCR" refers to a type of PCR where the 
starting material is mRNA. The starting mRNA is enzymatically converted to 
complementary DNA or "cDNA" using a reverse transcriptase enzyme. The cDNA is 
then used as a "template" for a "PCR" reaction. 

The term "gene expression" refers to the process of converting genetic 
information encoded in a gene into RNA (for example, mRNA, rRNA, tRNA, or snRNA) 
through "transcription" of the gene (in other words, via the enzymatic action of an RNA 
polymerase), and into protein, through "translation" of mRNA. Gene expression can be 
regulated at many stages in the process. "Up-regulation" or "activation" refers to 
regulation that increases the production of gene expression products (in other words, 
RNA or protein), while "down-regulation" or "repression" refers to regulation that 
decrease production. Molecules (for example, transcription factors) that are involved in 
up-regulation or down-regulation are often called "activators" and "repressors," 
respectively. 

The terms "in operable combination", "in operable order" and "operably linked" 
refer to the linkage of nucleic acid sequences in such a manner that a nucleic acid 
molecule capable of directing the transcription of a given gene and/or the synthesis of a 
desired protein molecule is produced. The term also refers to the linkage of amino acid 
sequences in such a manner so that a functional protein is produced. 
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The term "regulatory element" refers to a genetic element which controls some 
aspect of the expression of nucleic acid sequences. For example, a promoter is a 
regulatory element which facilitates the initiation of transcription of an operably linked 
coding region. Other regulatory elements are splicing signals, polyadenylation signals, 
termination signals, etc. 

Transcriptional control signals in eukaryotes comprise "promoter" and "enhancer" 
elements. Promoters and enhancers consist of short arrays of DNA sequences that 
interact specifically with cellular proteins involved in transcription (Maniatis, et al. , 
Science 236:1237, 1987). Promoter and enhancer elements have been isolated from a 
variety of eukaryotic sources including genes in yeast, insect, mammalian and plant cells. 
Promoter and enhancer elements have also been isolated from viruses and analogous 
control elements, such as promoters, are also found in prokaryotes. The selection of a 
particular promoter and enhancer depends on the cell type used to express the protein of 
interest. Some eukaryotic promoters and enhancers have a broad host range while others 
are functional in a limited subset of cell types (for review, see Voss, et al, Trends 
Biochem. Sci., 11:287, 1986; and Maniatis, et al, supra 1987). 

The terms "promoter element," "promoter," or "promoter sequence" refer to a 
DNA sequence that is located at the 5' end (in other words precedes) of the coding region 
of a DNA polymer. The location of most promoters known in nature precedes the 
transcribed region. The promoter functions as a switch, activating the expression of a 
gene. If the gene is activated, it is said to be transcribed, or participating in transcription. 
Transcription involves the synthesis of mRNA from the gene. The promoter, therefore, 
serves as a transcriptional regulatory element and also provides a site for initiation of 
transcription of the gene into mRNA. 

The term "regulatory region" refers to a gene's 5' transcribed but untranslated 
regions, located immediately downstream from the promoter and ending just prior to the 
translational start of the gene. 

The term "promoter region" refers to the region immediately upstream of the 
coding region of a DNA polymer, and is typically between about 500 bp and 4 kb in 
length, and is preferably about 1 to 1.5 kb in length. A promoter region controls or 
regulates transcription of a gene to which it is operably linked, either naturally or by 
recombinant nucleic acid technology. A promoter region may include smaller sequences 
which are effective to control or regulate transcription. One skilled in the art can 
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determine such smaller sequences by creating fragments of decreasing size from a 
promoter region, and operably linking such fragments to a reporter gene, and determining 
expression of such constructs in transgenic tissue, as described further herein. 

Promoters may be tissue specific or cell specific. The term "tissue specific" as it 
5 applies to a promoter refers to a promoter that is capable of directing selective expression 
of a nucleotide sequence of interest to a specific type of tissue (for example, seeds) in the 
relative absence of expression of the same nucleotide sequence of interest in a different 
type of tissue (for example, leaves). Tissue specificity of a promoter may be evaluated 
by, for example, operably linking a reporter gene to the promoter sequence to generate a 
1 0 reporter construct, introducing the reporter construct into the genome of a plant such that 
the reporter construct is integrated into every tissue of the resulting transgenic plant, and 
detecting the expression of the reporter gene (for example, detecting mRNA, protein, or 
O the activity of a protein encoded by the reporter gene) in different tissues of the transgenic 

'Z plant. The detection of a greater level of expression of the reporter gene in one or more 

y3 15 tissues relative to the level of expression of the reporter gene in other tissues shows that 
the promoter is specific for the tissues in which greater levels of expression are detected. 
Iff The term "cell type specific" as applied to a promoter refers to a promoter which is 

*™ capable of directing selective expression of a nucleotide sequence of interest in a specific 

y, type of cell in the relative absence of expression of the same nucleotide sequence of 

^ 20 interest in a different type of cell within the same tissue. The term "cell type specific" 

iUi 

S= when applied to a promoter also means a promoter capable of promoting selective 

O expression of a nucleotide sequence of interest in a region within a single tissue. Cell 

" type specificity of a promoter may be assessed using methods well known in the art, for 

example, immunohistochemical staining. Briefly, tissue sections are embedded in 
25 paraffin, and paraffin sections are reacted with a primary antibody which is specific for 
the polypeptide product encoded by the nucleotide sequence of interest whose expression 
is controlled by the promoter. A labeled (for example, peroxidase conjugated) secondary 
antibody which is specific for the primary antibody is allowed to bind to the sectioned 
tissue and specific binding detected (for example, with avidin/biotin) by microscopy. 
30 A promoter is "effective" as a tissue specific or cell type promoter when 

expression in the presence of the promoter is greater in the tissue or cell type than 
expression in the presence of the promoter in other tissues or cell types. Preferably, the 
greater level of expression is at least about two-fold greater; more preferably, it is at least 
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about four- fold greater; and most preferably, it is at least about ten-fold greater. An 
effective promoter may comprise all of the promoter region, or a modification or 
fragment of a promoter region, or a motif of a promoter region. 

A "seed-specific promoter" is a promoter which controls or regulates expression 
of a gene to which it is operably linked in a seed or seed tissue; such expression may 
occur in developing seed tissue only, at differing times or levels, or in mature seed tissue, 
or in both. Preferably, expression of the gene in seed tissue is greater than in non-seed 
tissue when under control of a seed-specific promoter. Preferably, the greater level of 
expression is at least about two-fold greater; more preferably, it is at least about four-fold 
greater; and most preferably, it is at least about ten-fold greater. 

A gene which is preferentially expressed in seeds or seed tissue is expressed at a 
higher level than it is in non-seed tissue. Preferably, expression of the gene in seed tissue 
is greater than in non-seed tissue. Preferably, the greater level of expression is at least 
about two-fold greater; more preferably, it is at least about four-fold greater; and most 
preferably, it is at least about ten-fold greater 

Promoters may be constitutive or inducible. The term "constitutive" when made 
in reference to a promoter means that the promoter is capable of directing transcription of 
an operably linked nucleic acid sequence in the absence of a stimulus (for example, heat 
shock, chemicals, light, etc.). Typically, constitutive promoters are capable of directing 
expression of a transgene in substantially any cell and any tissue. Exemplary constitutive 
plant promoters include, but are not limited to SD Cauliflower Mosaic Virus (CaMV SD; 
see for example, U.S. Pat. No. 5,352,605, incorporated herein by reference), mannopine 
synthase, octopine synthase (ocs), superpromoter {see for example, WO 95/14098), and 
ubi3 {see for example, Garbarino and Belknap, Plant Mol. Biol. 24:1 19-127 (1994)) 
promoters. Such promoters have been used successfully to direct the expression of 
heterologous nucleic acid sequences in transformed plant tissue. 

In contrast, an "inducible" promoter is one which is capable of directing a level of 
transcription of an operably linked nucleic acid sequence in the presence of a stimulus 
(for example, heat shock, chemicals, light, etc.) which is different from the level of 
transcription of the operably linked nucleic acid sequence in the absence of the stimulus. 

The enhancer and/or promoter may be "endogenous" or "exogenous" or 
"heterologous." An "endogenous" enhancer or promoter is one that is naturally linked 
with a given gene in the genome. An "exogenous" or "heterologous" enhancer or 
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promoter is one that is placed in juxtaposition to a gene by means of genetic manipulation 
(in other words, molecular biological techniques) such that transcription of the gene is 
directed by the linked enhancer or promoter. For example, an endogenous promoter in 
operable combination with a first gene can be isolated, removed, and placed in operable 
combination with a second gene, thereby making it a "heterologous promoter" in operable 
combination with the second gene. A variety of such combinations are contemplated (for 
example, the first and second genes can be from the same species, or from different 
species). 

The term "naturally linked" or "naturally located" when used in reference to the 
relative positions of nucleic acid sequences means that the nucleic acid sequences exist in 
nature in the relative positions. 

The presence of "splicing signals" on an expression vector often results in higher 
levels of expression of the recombinant transcript in eukaryotic host cells. Splicing 
signals mediate the removal of introns from the primary RNA transcript and consist of a 
splice donor and acceptor site (Sambrook, et al, Molecular Cloning: A Laboratory 
Manual . 2nd ed., Cold Spring Harbor Laboratory Press, New York (1989) pp. 16.7-16.8). 
A commonly used splice donor and acceptor site is the splice junction from the 16S RNA 
ofSV40. 

Efficient expression of recombinant DNA sequences in eukaryotic cells requires 
expression of signals directing the efficient termination and polyadenylation of the 
resulting transcript. Transcription termination signals are generally found downstream of 
the polyadenylation signal and are a few hundred nucleotides in length. The term 
"poly(A) site" or "poly(A) sequence" as used herein denotes a DNA sequence which 
directs both the termination and polyadenylation of the nascent RNA transcript. Efficient 
polyadenylation of the recombinant transcript is desirable, as transcripts lacking a poly(A) 
tail are unstable and are rapidly degraded. The poly(A) signal utilized in an expression 
vector may be "heterologous" or "endogenous." An endogenous poly(A) signal is one 
that is found naturally at the 3' end of the coding region of a given gene in the genome. A 
heterologous poly(A) signal is one which has been isolated from one gene and positioned 
3' to another gene. A commonly used heterologous poly(A) signal is the SV40 poly(A) 
signal. The SV40 poly(A) signal is contained on a 237 bp BamEUBcH restriction 
fragment and directs both termination and polyadenylation (Sambrook, supra, at 
16.6-16.7). 
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The term "termination signal" or "termination sequence" refers to a 3' non- 
translated DNA sequence which functions in plant cells to cause the addition of 
polyadenylated ribonucleotides to the 3' end of an mRNA sequence transcribed from a 
gene; the gene may be an endogenous or native gene, or it may be a heterologous gene. 
The termination sequence may be endogenous or heterologous to the gene. 

The term "vector" refers to nucleic acid molecules that transfer DNA segment(s) 
from one cell to another. The term "vehicle" is sometimes used interchangeably with 
"vector." 

The terms "expression vector" or "expression cassette" refer to a recombinant 
DNA molecule containing a desired coding sequence and appropriate nucleic acid 
sequences necessary for the expression of the operably linked coding sequence in a 
particular host organism. Nucleic acid sequences necessary for expression in prokaryotes 
usually include a promoter, an operator (optional), and a ribosome binding site, often 
along with other sequences. Eukaryotic cells are known to utilize promoters, enhancers, 
and termination and polyadenylation signals. 

The term "transfection" refers to the introduction of foreign DNA into cells. 
Transfection may be accomplished by a variety of means known to the art including 
calcium phosphate-DNA co-precipitation, DEAE-dextran-mediated transfection, 
polybrene-mediated transfection, glass beads, electroporation, microinjection, liposome 
fusion, lipofection, protoplast fusion, viral infection, biolistics (in other words, particle 
bombardment) and the like. 

The term "stable transfection" or "stably transfected" refers to the introduction and 
integration of foreign DNA into the genome of the transfected cell. The term "stable 
transfectant" refers to a cell that has stably integrated foreign DNA into the genomic 
DNA. 

The term "transient transfection" or "transiently transfected" refers to the 
introduction of foreign DNA into a cell where the foreign DNA fails to integrate into the 
genome of the transfected cell. The foreign DNA persists in the nucleus of the 
transfected cell for several days. During this time the foreign DNA is subject to the 
regulatory controls that govern the expression of endogenous genes in the chromosomes. 
The term "transient transfectant" refers to cells that have taken up foreign DNA but have 
failed to integrate this DNA. 



-27- 



Patent Application 
Docket Number MSU 06689 

The term "calcium phosphate co-precipitation" refers to a technique for the 
introduction of nucleic acids into a cell. The uptake of nucleic acids by cells is enhanced 
when the nucleic acid is presented as a calcium phosphate-nucleic acid co-precipitate. 
The original technique of Graham and van der Eb (Graham and van der Eb, Virol., 
52:456 (1973)), has been modified by several groups to optimize conditions for particular 
types of cells. The art is well aware of these numerous modifications. 

The terms "infecting" and "infection" when used with a bacterium refer to co- 
incubation of a target biological sample, (for example, cell, tissue, etc.) with the 
bacterium under conditions such that nucleic acid sequences contained within the 
bacterium are introduced into one or more cells of the target biological sample. 

The term "Agrobacterium" refers to a soil-borne, Gram-negative, rod-shaped 
phytopathogenic bacterium which causes crown gall. The term "Agrobacterium" 
includes, but is not limited to, the strains Agrobacterium tumefaciens, (which typically 
causes crown gall in infected plants), and Agrobacterium rhizogens (which causes hairy 
root disease in infected host plants). Infection of a plant cell with Agrobacterium 
generally results in the production of opines (for example, nopaline, agropine, octopine 
etc.) by the infected cell. Thus, Agrobacterium strains which cause production of 
nopaline (for example, strain LBA4301, C58, A208, GV3101) are referred to as 
"nopaline-type" Agrobacteria; Agrobacterium strains which cause production of octopine 
(for example, strain LBA4404, Ach5, B6) are referred to as "octopine-type" 
Agrobacteria; and Agrobacterium strains which cause production of agropine (for 
example, strain EHA105, EHA101, A281) are referred to as "agropine-type" 
Agrobacteria. 

The terms "bombarding, "bombardment," and "biolistic bombardment" refer to the 
process of accelerating particles towards a target biological sample (for example, cell, 
tissue, etc.) to effect wounding of the cell membrane of a cell in the target biological 
sample and/or entry of the particles into the target biological sample. Methods for 
biolistic bombardment are known in the art (for example, U.S. Patent No. 5,584,807, the 
contents of which are incorporated herein by reference), and are commercially available 
(for example, the helium gas-driven microprojectile accelerator (PDS-1000/He, BioRad). 

The term "microwounding" when made in reference to plant tissue refers to the 
introduction of microscopic wounds in that tissue. Microwounding may be achieved by, 
for example, particle bombardment as described herein. 
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The term "transgene" refers to a foreign gene that is placed into an organism by 
the process of transfection. The term "foreign gene" refers to any nucleic acid (for 
example, gene sequence) that is introduced into the genome of an organism by 
experimental manipulations and may include gene sequences found in that organism so 
5 long as the introduced gene does not reside in the same location as does the naturally- 

occurring gene. 

The term "transgenic" when used in reference to a plant or fruit or seed (in other 
words, a "transgenic plant" or "transgenic fruit" or a "transgenic seed" ) refers to a plant 
or fruit or seed that contains at least one heterologous or foreign gene in one or more of 
10 its cells. The term "transgenic plant material" refers broadly to a plant, a plant structure, 
a plant tissue, a plant seed or a plant cell that contains at least one heterologous gene in 
one or more of its cells. 

B The term "host cell" refers to any cell capable of replicating and/or transcribing 

J and/or translating a heterologous gene. Thus, a "host cell" refers to any eukaryotic or 

S 15 prokaryotic cell (for example, bacterial cells such as E. coli, yeast cells, mammalian cells, 
'pt avian cells, amphibian cells, plant cells, fish cells, and insect cells), whether located in 

In vitro or in vivo. For example, host cells may be located in a transgenic animal. 

y ~ The terms "transformants" or "transformed cells" include the primary transformed 

cell and cultures derived from that cell without regard to the number of transfers. All 
P 20 progeny may not be precisely identical in DNA content, due to deliberate or inadvertent 
p mutations. Mutant progeny that have the same functionality as screened for in the 

0 originally transformed cell are included in the definition of transformants. 

The term "selectable marker" refers to a gene which encodes an enzyme having 
an activity that confers resistance to an antibiotic or drug upon the cell in which the 
25 selectable marker is expressed, or which confers expression of a trait which can be 
detected (for example., luminescence or fluorescence). Selectable markers may be 
"positive" or "negative." Examples of positive selectable markers include the neomycin 
phosphotrasferase (NPTH) gene which confers resistance to G418 and to kanamycin, and 
the bacterial hygromycin phosphotransferase gene (hyg), which confers resistance to the 
30 antibiotic hygromycin. Negative selectable markers encode an enzymatic activity whose 
expression is cytotoxic to the cell when grown in an appropriate selective medium. For 
example, the HSV-tk gene is commonly used as a negative selectable marker. Expression 
of the YLSV-tk gene in cells grown in the presence of gancyclovir or acyclovir is 
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cytotoxic; thus, growth of cells in selective medium containing gancyclovir or acyclovir 
selects against cells capable of expressing a functional HSV TK enzyme. 

The term "reporter gene" refers to a gene encoding a protein that may be assayed. 
Examples of reporter genes include, but are not limited to, luciferase (See for example, 
deWet et al, Mol. Cell. Biol. 7:725 (1987) and U.S. Pat Nos.,6,074,859; 5,976,796; 
5,674,713; and 5,618,682; all of which are incorporated herein by reference), green 
fluorescent protein (for example, GenBank Accession Number U43284; a number of GFP 
variants are commercially available from CLONTECH Laboratories, Palo Alto, CA), 
chloramphenicol acetyltransferase, P-galactosidase, alkaline phosphatase, and horse 
radish peroxidase. 

The term "wild-type" when made in reference to a nucleic acid sequence refers to 
a nucleic acid sequence which has the characteristics of the sequence isolated from a 
naturally occurring source. The term "wild-type" when made in reference to a gene 
product refers to a gene product which has the characteristics of a gene product isolated 
from a naturally occurring source. The term "naturally-occurring" as applied to an object 
refers to the fact that an object can be found in nature. For example, a polypeptide or 
polynucleotide sequence that is present in an organism (including viruses) that can be 
isolated from a source in nature and which has not been intentionally modified by man in 
the laboratory is naturally-occurring. A wild-type gene is that which is most frequently 
observed in a population and is thus arbitrarily designated the "normal" or "wild-type" 
form of the gene. In contrast, the term "modified" or "mutant" when made in reference to 
a nucleic acid sequence (such as a regulatory sequence or a sequence encoding a gene) or 
to a gene product refers, respectively, to a nucleic acid sequence or to a gene product 
which displays modifications in sequence and/or functional properties (in other words, 
altered characteristics) when compared to the wild-type gene or gene product. 
Modifications include additions or deletions of the units making up the nucleic acid 
sequence or gene product (a unit is, for example, a nucleotide), or substitutions of at least 
one of the units. It is noted that naturally-occurring mutants can be isolated; these are 
identified by the fact that they have altered characteristics when compared to the wild- 
type nucleic acid sequence or gene product. 

The term "antisense" refers to a deoxyribonucleotide sequence whose sequence of 
deoxyribonucleotide residues is in reverse 5' to 3' orientation in relation to the sequence 
of deoxyribonucleotide residues in a sense strand of a DNA duplex. A "sense strand" of a 
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DNA duplex refers to a strand in a DNA duplex which is transcribed by a cell in its 
natural state into a "sense mRNA." Thus an "antisense" sequence is a sequence having 
the same sequence as the non-coding strand in a DNA duplex. The term "antisense 
RNA" refers to a RNA transcript that is complementary to all or part of a target primary 
transcript or mRNA and that blocks the expression of a target gene by interfering with the 
processing, transport and/or translation of its primary transcript or mRNA. The 
complementarity of an antisense RNA may be with any part of the specific gene 
transcript, in other words, at the 5' non-coding sequence, 3' non-coding sequence, introns, 
or the coding sequence. In addition, as used herein, antisense RNA may contain regions 
of ribozyme sequences that increase the efficacy of antisense RNA to block gene 
expression. "Ribozyme" refers to a catalytic RNA and includes sequence-specific 
endoribonucleases. "Antisense inhibition" refers to the production of antisense RNA 
transcripts capable of preventing the expression of the target protein. 

The term "overexpression" refers to the production of a gene product in 
transgenic organisms that exceeds levels of production in normal or non-transformed 
organisms. The term "cosuppression" refers to the expression of a foreign gene which 
has substantial homology to an endogenous gene resulting in the suppression of 
expression of both the foreign and the endogenous gene. As used herein, the term 
"altered levels" refers to the production of gene product(s) in transgenic organisms in 
amounts or proportions that differ from that of normal or non-transformed organisms. 

The terms "Southern blot analysis" and "Southern blot" and "Southern" refer to 
the analysis of DNA on agarose or acrylamide gels in which DNA is separated or 
fragmented according to size followed by transfer of the DNA from the gel to a solid 
support, such as nitrocellulose or a nylon membrane. The immobilized DNA is then 
exposed to a labeled probe to detect DNA species complementary to the probe used. The 
DNA may be cleaved with restriction enzymes prior to electrophoresis. Following 
electrophoresis, the DNA may be partially depurinated and denatured prior to or during 
transfer to the solid support. Southern blots are a standard tool of molecular biologists (J. 
Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
Press, NY), pp 9.31-9.58). 

The term "Northern blot analysis" and "Northern blot" and "Northern" refer to 
the analysis of RNA by electrophoresis of RNA on agarose gels to fractionate the RNA 
according to size followed by transfer of the RNA from the gel to a solid support, such as 
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nitrocellulose or a nylon membrane. The immobilized RNA is then probed with a labeled 
probe to detect RNA species complementary to the probe used. Northern blots are a 
standard tool of molecular biologists (J. Sambrook, et al. (1989) supra, pp 7.39-7.52). 

The terms "Western blot analysis" and "Western blot" and "Western" refers to 
the analysis of protein(s) (or polypeptides) immobilized onto a support such as 
nitrocellulose or a membrane. A mixture comprising at least one protein is first separated 
on an acrylamide gel, and the separated proteins are then transferred from the gel to a 
solid support, such as nitrocellulose or a nylon membrane. The immobilized proteins are 
exposed to at least one antibody with reactivity against at least one antigen of interest. 
The bound antibodies may be detected by various methods, including the use of 
radiolabeled antibodies. 

The term "antigenic determinant" refers to that portion of an antigen that makes 
contact with a particular antibody {in other words, an epitope). When a protein or 
fragment of a protein is used to immunize a host animal, numerous regions of the protein 
may induce the production of antibodies that bind specifically to a given region or three- 
dimensional structure on the protein; these regions or structures are referred to as 
antigenic determinants. An antigenic determinant may compete with the intact antigen 
(in other words, the "immunogen" used to elicit the immune response) for binding to an 
antibody. 

The term "isolated" when used in relation to a nucleic acid, as in "an isolated 
oligonucleotide" refers to a nucleic acid sequence that is identified and separated from at 
least one contaminant nucleic acid with which it is ordinarily associated in its natural 
source. Isolated nucleic acid is present in a form or setting that is different from that in 
which it is found in nature. In contrast, non-isolated nucleic acids, such as DNA and 
RNA, are found in the state they exist in nature. For example, a given DNA sequence 
(for example, a gene) is found on the host cell chromosome in proximity to neighboring 
genes; RNA sequences, such as a specific mRNA sequence encoding a specific protein, 
are found in the cell as a mixture with numerous other mRNA s which encode a multitude 
of proteins. However, isolated nucleic acid encoding a particluar protein includes, by 
way of example, such nucleic acid in cells ordinarily expressing the protein, where the 
nucleic acid is in a chromosomal location different from that of natural cells, or is 
otherwise flanked by a different nucleic acid sequence than that found in nature. The 
isolated nucleic acid or oligonucleotide may be present in single-stranded or 
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double-stranded form. When an isolated nucleic acid or oligonucleotide is to be utilized 
to express a protein, the oligonucleotide will contain at a minimum the sense or coding 
strand (in other words, the oligonucleotide may single-stranded), but may contain both the 
sense and anti-sense strands (in other words, the oligonucleotide may be 
double-stranded). 

The term "purified" refers to molecules, either nucleic or amino acid sequences, 
that are removed from their natural environment, isolated or separated. An "isolated 
nucleic acid sequence" is therefore a purified nucleic acid sequence. "Substantially 
purified" molecules are at least 60% free, preferably at least 75% free, and more 
preferably at least 90% free from other components with which they are naturally 
associated. As used herein, the term "purified" or "to purify" also refer to the removal of 
contaminants from a sample. The removal of contaminating proteins results in an increase 
in the percent of polypeptide of interest in the sample. In another example, recombinant 
polypeptides are expressed in plant, bacterial, yeast, or mammalian host cells and the 
polypeptides are purified by the removal of host cell proteins; the percent of recombinant 
polypeptides is thereby increased in the sample. 

The term "sample" is used in its broadest sense. In one sense it can refer to a 
plant cell or tissue. In another sense, it is meant to include a specimen or culture obtained 
from any source, as well as biological and environmental samples. Biological samples 
may be obtained from plants or animals (including humans) and encompass fluids, solids, 
tissues, and gases. Environmental samples include environmental material such as 
surface matter, soil, water, and industrial samples. These examples are not to be 
construed as limiting the sample types applicable to the present invention. 

GENERAL DESCRIPTION OF THE INVENTION 

The present invention relates to novel seed specific promoter regions. The present 
invention further comprises methods of producing proteins and other products of interest 
and methods of controlling expression of nucleic acid sequences of interest using the seed 
specific promoter regions. 

I. Seed-Specific Promoter Regions 

In some embodiments, the present invention provides compositions comprising 
novel seed specific promoter regions from Arabidopsis thaliana. In some embodiments, 
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the present invention provides the nucleic acid sequences of the seed-specific promoter 
regions PI, P3, P4, P6, P7, P9, P13, P14, P15, P16, P17, and P19 (SEQ ID NOS: 1-12, as 
shown in Figures 1-12), and their functional equivalents. The discovery of these 
promoter is described below. In other embodiments, the present invention provides 
sequences that hybridize to the seed-specific promoter regions PI, P3, P4, P6, P7, P9, 
P13, P14, P15, P16, P17, and P19 (for example, under conditions of low to high 
stringency). Such sequences are characterized for functional equivalence using the 
methods described below and exemplified in Example 3, Sections D-F. In other 
embodiments, the present invention provides nucleic acid sequences of plant promoter 
regions naturally located upstream to structural DNA sequences which are identified as 
homologous to the genes naturally under control of promoter regions PI, P3, P4, P6, P7, 
P9, P13, P14, P15, P16, P17, and P19. In yet other embodiments, the present invention 
provides fragments or modifications of seed-specific promoter regions PI, P3, P4, P6, P7, 
P9, P13, P14, P15, P16, P17, and P19; these sequences are characterized for functional 
equivalence using the methods described below and exemplified in Example 3, Sections 
D-F. 

The discovery of the seed-specific promoter regions is a result of a genome wide 
analysis of gene expression in developing seeds of Arabidopsis thaliana. This discovery 
process can be divided into several stages; the first is the isolation and analysis of 
expressed sequence tags (ESTs) and their associated cDNAs from developing seeds. The 
next stage is a microarray analysis of a selected subset of the ESTs; this analysis is used 
to broadly analyze the expression of several thousand genes during seed development, to 
identify tissue-specific expression patterns, and to identify certain genes for further 
analysis. The next stage is to select a second EST subset within the initial subset, where 
the second subset comprises ESTs which are identified as highly expressed and seed- 
specific. In stage three, genome sequences which match the ESTs noted above are 
identified from the Arabidopsis genome. The flanking sequences of these genes are 
analyzed by software programs, such as GeneScan, GeneStart, and Genefinder (which are 
publically available gene prediction programs accessible through the site 
arabidopsis.org/ geneid.htmD to predict the associated promoter regions. Next, a subset 
of the gene promoter regions is identified and characterized. Identification is based 
generally on: a) comparison to protein sequences, if available; b) high probability of 
ATG prediction; and c) high probability of gene prediction, and characterized. 
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Characterization includes determining the effectiveness of each promoter region to 
control expression of a reporter gene in transgenic seed tissue. Characterization also 
includes determining the effectiveness of fragments or modifications to a promoter region 
to control expression of a reporter gene in transgenic seed tissue. Additional seed- 
specific promoter regions are provided by identifying promoter regions naturally located 
upstream to structural DNA sequences which are identified as homologous to the genes 
naturally under control of promoter regions PI, P3, P4, P6, P7, P9, P13, P14, P15, P16, 
P17, andP19. 

The resulting promoter regions of the present invention are of general utility for 
producing seed specific products. It is understood that the method of discovering seed 
specific promoters, outlined above and described below in detail for Arabidopsis 
thaliana, can be applied to discover additional seed-specific and tissue-specific promoter 
regions from Arabidopsis thaliana, as well as to discover seed-specific promoter regions 
from other plants. 

A. EST Isolation and Analysis 

The first stage in the discovery of seed-specific promoter regions is the isolation 
and analysis of expressed sequence tags (ESTs) and their associated cDNAs from 
developing seeds; an examplary procedure is described in Example 1 . A cDNA library is 
constructed from developing seeds by harvesting immature seeds at a selected number of 
time points during development; typically these points are a certain number of days after 
flowering (DAF). RNA is extracted from the seed tissue, and a cDNA library prepared by 
well known methods. The cDNA library is amplified at least once to reach an appropriate 
titre. Selected cDNA clones are then sequences, and the sequences are then used for 
similarity searches against GenBank, the contigs analyzed, and a database developed. 
1. Single Pass Sequencing of 10,565 cDNAs from Developing Seeds 

Although over 45,000 Arabidopsis ESTs have already been deposited in dbEST 
(release 030300) (Boguski et al, Nat. Genet., 4:332-333 (1993)), it is believed that these 
are not representative of genes specifically expressed in developing seeds, because 
siliques but not isolated developing seeds had previously been used as source of the 
cDNAs. In order to obtain seed-specific promoter regions, a single-pass sequencing of 
cDNAs was derived exclusively from developing Arabidopsis seeds, where the 
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developing seeds were harvested from 5-13 days after flowering as described in Example 
1. 

The cDNAs were sequenced in two different data sets. From data set I, 4643 
clones (51 %) were sequenced and analyzed with BLASTX. From data set n, 5922 
clones (32%) were sequenced and analyzed. The average read lengths after trimming 
were 393 bp for clones from data set I and 259 bp for clones from data set II. Taken 
together, 10,565 clones were analyzed at the level of BLASTX searches, which is 
equivalent to 38 % of the clones on the filters. These clones provide the basis for the 
classification of ESTs and the expression analysis. A total of 1 1,860 sequences were 
generated and kept in a FASTA file (complete raw data set), which include 1,133 
sequence runs from the 3' ends of selected clones, a small number of repeats, and clones 
for which only poor sequence is available. The raw data as well as annotations were 
deposited in a database of the present invention according to clone identifiers (derived 
from the clone location in microtitre plates). 

2. Classification of ESTs According to Predicted Function 

To obtain qualitative information about the ESTs, each sequence was translated 
into all six reading frames and the translation products were searched (BLASTX) against 
the non-redundant protein database of GenBank. The top scoring hits were automatically 
extracted and manually annotated according to the description of the sequence(s) returned 
by BLASTX. It must be emphasized that this procedure provides only tentative clues 
towards the function of the encoded proteins, due to the fact that relatively few of the 
descriptions associated with GenBank entries have been currently verified by wet-lab 
experiments (Boguski, Science, 286:453-455 (1999)). Furthermore, two classes of the 
clones, identified as possessing "non significant homology" (NSH) or "unidentified 
function" (UF), represent approximately 40% of the clones. Based upon further analysis, 
it is believed that approximately 24 % of the clones in the seed database of the present 
invention encode novel proteins 

3. The Number of Novel ESTs and of Genes Represented in the Seed EST Set 

To evaluate the effectiveness of isolating and sequencing cDNAs from developing 
seeds to provide seed-specific novel ESTs not present in the current public data base, the 
entire 5' sequence data set of the present invention was compared against the Arabidopsis 
set in dbEST available at www.arabidopsis.org/seqtools.html (this website is sponsored 
by TAIR, the Arabidopsis information resource which is supported mainly by NSF). Of 
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the 10,485 BLASTN results returned, 6,360 (60.9 %) showed BLASTN scores (high 
scoring segment pairs, HSP) of less than 50. Based on these scores it is estimated that 
approximately 60 % of the ESTs of the present invention are not represented in the public 
Arabidopsis EST set, and therefore many of these probably correspond to genes 
specifically expressed in developing seeds of Arabidopsis. 

Because multiple ESTs can be derived from a single gene, cluster analysis was 
conducted to assemble individual sequences in the database into contigs in order to 
estimate the number of genes giving rise to the ESTs. Of the 1 1,860 sequences in the raw 
sequencing file, 7577 (64 %) assembled into 1,570 contigs and 4,283 (36%) remained as 
singletons. Thus, the maximal number of unique cDNAs represented in the entire data set 
is 5,829. To estimate how many genes are represented in the data set which may be 
specifically expressed in developing seeds, the number of contigs and singletons 
represented by the 6,360 ESTs not represented in the public data set was determined. 
These were 742 contigs and 2270 singletons representing a maximal number of 3012 
genes. Thus, based on this analysis, up to 50% of all genes represented by the data set of 
the present invention are thought to be specifically expressed in seeds, subject to two 
caveats. First, although in most cases each contig represents one gene, sometimes more 
than one contig of non-overlapping sequences exist per gene resulting in an 
overestimation. Second, sometimes closely related gene families cannot be resolved into 
individual contigs resulting in an underestimation. 
4. Mapping ESTs onto the Arabidopsis genome 

One step towards determining the exact number of genes represented by ESTs is 
to map all the ESTs and contig consensus sequences of the present invention onto the 
Arabidopsis genome. For this purpose, a search (BLASTN) of all sequences in the raw 
sequence file as well as all contig consensus sequences against an Arabidopsis genomic 
sequence subset of all sequences longer than 10 kb was conducted. This genomic 
sequence subset should primarily contain sequenced BACs, PACs and PI clones from the 
"Arabidopsis Genome Initiative (AGI)". In the past, this information could only be 
obtained by direct PCR mapping approaches (Agyare et al, Genome Res., 7:1-9 (1997)) 
due to the absence of large scale genomic sequence information. Of the 1570 contigs of 
the present invention, 1,237 (79%) matched (HSP >50) 316 large genomic clones, 
equivalent to about 4 contigs per genomic clone, and 333 contigs (21%) matched with 1 
contig per clone. 
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5. Abundance of ESTs Derived from Specific Genes 

The number of sequences assembled in the contigs gives an indication of the 
degree of expression of the respective gene in developing seeds. As predicted by the 
initial classification of individual ESTs, the largest contigs encode seed storage proteins. 
5 In agreement with the high demands for protein synthesis in developing seeds, some of 

the larger contigs can be found for elongation factors involved in. ESTs for proteins 
possibly involved in storage protein body formation such as vacuolar processing enzyme 
(Kinoshita et al, Plant Mol. Biol., 29:81-89 (1995)) or proteases in general are highly 
abundant. Similarly, genes encoding enzymes involved in protein folding such as protein 
1 0 disulfide isomerase genes are highly expressed in seeds (Boston et al. , Plant Mol. Biol., 
32:191-222 (1996)). Developing embryos of Arabidopsis are green. Thus, it is not 
surprising that ESTs encoding chlorophyll binding proteins are present in high numbers. 
O The most highly abundant enzyme-encoding ESTs are those for S-adenosylmethionine 

i! ~ decarboxylase. 

2 15 Among the largest contigs are 20 for which the consensus sequence either did not 

2 have a match in GenBank or which are similar to proteins of unknown function. These 

|H provide a pool of novel proteins with a function that is believed to be of special relevance 

'<0 for developing seeds. An obvious class of ESTs which is not represented in this list of 

y, largest contigs are those with similarity to transcription factor genes, although the entire 

M- 20 data set contains a considerable number of such ESTs (1 69, 1 .6 %). Clearly, regulatory 
% genes are not as highly expressed as storage protein genes or genes essential for the 

O biosynthesis of other storage compounds. These observations confirm that the observed 

^ abundance of ESTs in each contig or class is in agreement with common knowledge 

about the biology of plant cells and of developing seeds in particular. 

25 B. Microarray Analysis of a Developing Seed EST Subset 

The next stage in the discovery of seed-specific promoter regions is a microarray 
analysis of a selected subset of the ESTs; this analysis is used to broadly analyze the 
expression of several thousand genes during seed development, to identify tissue-specific 
expresssion patterns, and to identify certain genes for further analysis. 
30 1. Microarray Fabrication 

For microarray fabrication, a subset of 2,715 clones was selected from the 5,800 
sequences of data set I. These sequences were selected after contig analysis and were 
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selected to avoid redundancy. Nevertheless, some of these ESTs were very similar and 
are likely to represent the same gene. The number of unique genes represented on the 
arrays is therefore slightly less than 2,715. A collection of 60 control DNAs was 
generated. The inserts of the three clone collections were amplified by PCR with vector 
5 specific primers. PCR samples which yielded less than 0.2 mg/mL DNA or showed 

several DNA fragments were re-amplified or replaced with alternative clones. The PCR 
products were arrayed on and bound to polylysine coated microscope slides. To increase 
the reliability of the detected signals, each PCR sample was spotted twice in two 
subarrays resulting in a total array of 7680 data points. The identity of 37 randomly 
1 0 chosen DNA samples was confirmed by re-sequencing their PCR products used for 

microarray printing and comparing the obtained sequence results with the corresponding 
EST sequences in the database of the present invention. In all 37 cases, the sequences of 
O the PCR samples matched their original EST sequence. This sequence confirmation 

^ increases the confidence in the identity of the DNA elements on the microarrays and 

^0 1 5 makes it unlikely that major errors in the selection of clones or sample plates occurred 
^ during sample preparation, 

if | 2. Quality Control 

To evaluate the reliability of the hybridization experiments, the microarrays 
contained several control elements. To detect the sensitivity limit and to have an 
iM= 20 additional control for balancing the intensities of the two channels, nine non-related 

human cDNA fragments were arrayed on the slides The corresponding in vitro 
Q transcribed poly(A) + RNA species were added to 1 .0 |ig of the plant tissue mRNA 

f= * samples as internal standards in decreasing concentrations from 1.0 ng (l:1.0xl0~ 3 ) to 

0.01 ng (1:1.0x10 s ). The lowest control RNA levels of 7.5xl0 4 and 1.0xl0 5 gave in most 
25 experiments fluorescence signal intensities (FSI units) higher than two times the local 
background. Similar detection limits of l.OxlO" 5 (Ruan et al, Plant J., 15:821-833 
(1998)) and 5.0xl0" 5 (Schena et al, Proc. Nat. Acad. Sci. U.S.A., 93:10614-10619 
(1996)) were detected by other groups. According to mRNA quantifications from 
Okamuro et al, The Biochemistry of Plants, 15:1-82 (1989), this detection limit 
30 corresponds to approximately 1-2 mRNA copies per cell. 

Many Arabidopsis genes belong to gene families, and therefore coss- 
hybridizations between different members of gene families are an issue in cDNA based 
microarray experiments. Estimates of the extent of gene families in Arabidopsis range 
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from 15 to 50% and over half of 64 proteins surved for lipid metabolism were found to be 
members of gene families (Mehkedov et al. 2000). To estimate the extent of possible 
cross-hybridizations between related genes, the threshold of cross-hybridization was 
detected in each experiment with several specificity controls. These controls included 
synthetic gene fragments and heterologous sequences from other plant species, which 
have decreasing sequence identities of 100-60% to three moderately expressed 
Arabidopsisgems. First, 365bp synthetic fragments of the ArabidopsisFAD2 gene in 
three different forms of identical length and constant GC content of 48%, but decreasing 
nucleotide identities of 100%, 90% and 80%, were synthesized and arrayed. The 100% 
fragment gave comparably strong signals (generally within 80-90%) to a 1. 1 kbp PCR 
fragment from FAD2, indicating that a target length of 365bp is sufficient for efficient 
probe binding in this technique. The 90% identity fragment gave approximately 50% 
weaker signals compared to the 100% form, whereas the 80% form showed almost no 
detectable signals, suggesting a cross-hybridization threshold under the conditions of 
these experiments between 80-90% identity. Cross-reactions with other Arabidopsis 
transcripts are unlikely, because there are no known Arabidopsis genes which are closely 
related (>60%) to FAD2 (Okuley et al, J. Plant Cell, 6:147-158 (1994)). The synthetic 
gene fragments were designed with evenly spaced mismatches. Two other specificity 
control sets consisted of four ferredoxin sequences and three acyl-ACP-desaturase 
sequences from other organisms. These contain more variable similarity clusters to the 
Arabidopsis sequences than the synthetic FAD2 fragments, and showed cross- 
hybridization thresholds between 60-70%. Based on these experiments, it is clear that 
some closely related gene family members will not be discriminated. However, with 
complete availability of the Arabidopsis genome it is possible to assess the approximate 
extent of potential cross-hybridization. For example, most of the seven known 
Arabidopsis ACP genes are less than 70% identical and unlikely to cross-hybridize, 
whereas four of the five members of the stearoyl-ACP desaturase family are >80% 
identical (Mehkedov et al, 2000). Additional controls, as described in Example 2, 
monitored for non-specific hybridization, carry-over during printing and for mRNA 
integrity/probe length. 
3. Microarray Hybridizations 

To monitor seed-specific gene expressions, mRNA samples from seeds, leaves 
and roots of Arabidopsiswere isolated, and reverse transcribed with oligo-dT primers into 
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first strand cDNA fluorescent probes, as described in Example 2. The mRNA isolated 
from seeds was the reference to which the samples from leaves and roots were compared. 
Each tissue comparison was performed at least twice, using in most cases independently 
isolated RNA samples as starting material. For repeated experiments, the probe pairs 
contained the fluorochromes Cy3 and Cy5 in opposite orientation. Results of repeated 
experiments were only used for further analyses if the ratios of all data points on the array 
showed a correlation coefficient close to one. To eliminate highly variable and therefore 
less reliable expression data, data was used for further analysis only if at least two 
experiments showed the same trend of expression. Averaging ratios across experiments 
was considered a less stringent strategy, because it neglects the variability between 
measurements (DeRisi et al, Science, 278:680-686 (1997)). This is particularly true when 
low tissue mass (as with developing Arabidopsisseeds) is a limitation for the number of 
feasible experiments. For the experiments described here, over 20 hours of dissection of 
developing seeds from siliques was required to harvest material for a single fluorescent 
probe. 

The data was analysed as a scatter plot of the data for seed vs leaf. It is clear from 
this representation that the majority of genes analyzed fall near the X-axis and have less 
than a two fold difference in signal intensity between the leaf and seed probes. Thus, 
although the microarray was based on a set of ESTs primarily derived from sequencing of 
a seed cDNA library, the overall expression pattern clearly indicates that a large 
proportion of seed expressed genes are also expressed in other tissues. These data support 
the general conclusion based on hybridization analysis of RNA complexity that 60-77% 
(the majority) of plant genes do not have strong tissue-specific expression (Okamura and 
Goldberg, 1989; Kamalaye/a/., Cell, 19:935-946 (1980)). Expression analyses with 
smaller and non-seed specific arrays from Arabidopsisdetected comparable amounts of 
tissue specific (Ruan et al, Plant J., 15:821-833 (1998)) or differentially expressed genes 
(Desprez et al, Plant J., 14:643-652 (1998); Kehoe et al, Trends Plant Sci., 4:38-41 
(1999); Richmond et al, Curr. Opin. Plant Biol., 3:108-116 (2000)). 

Nevertheless, the microarrays reveal that a substantial number of genes can be 
considered seed-specific. In the seed versus leaf co-hybridizations, approximately 30% of 
the spotted cDNAs showed more than 2 fold stronger signals in seeds, and approximately 
12% were expressed more than 10 fold higher in seeds than in leaves (Table 1). In the 
corresponding seed versus root experiments, similar comparisons yielded 33% and 13% 
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of the genes, respectively. If both tissue comparisons are combined, 25% of genes showed 
more than 2 fold and 10% more than 10 fold stronger signals in seeds than in leaves or 
roots. One factor should be noted which influences these numbers. The reliability of the 
signals used to calculate these ratios was ensured by including only those values which 
showed fluorescent intensity levels in at least one channel above three times the local 
background. This high signal to noise ratio and the stringent limit for the ratios of more 
than two fold in each experiment of both tissue comparisons selects preferentially for 
genes which are moderate to strongly expressed in seeds and only to a very low extent in 
the other tissues. This sorting based on high confidence values tends to disregard weakly 
expressed genes, which generally do not reach a high and stable enough signal to 
background ratio in several experiments to appear in this list. 



Table 1. Number of Genes with Seed-specific Expression Patterns 



Expression Ratio 8 


seed/leaf 


seed/root 


seed/leaf & root 


^ 2 


804 (30%) b 


899 (33%) 


688 (25%) 


^ 4 


555 (21%) 


615(23%) 


478 (18%) 


> 10 


325 (12%) 


348 (13%) 


264(10%) 



Ratio categories. Genes in these categories showed in at least two duplicate 
experiments ratios above the given thresholds. b Percentage based on 2700 ESTs. 



4. Characteristics of the Seed-expressed Set 

The tissue-expression ratios for a number of well-characterized genes and the 
variability observed in replicated experiments was examined. The set of highly seed- 
specifically expressed sequences (ratio > 4) contains several seed storage proteins, and a 
number of other genes which are well known to be predominantly seed expressed. These 
include oleosins (Abell et al, Plant Cell, 9:1481-1493 (1997)), fatty acid elongase 
(FAE1) (James et al, Plant Cell, 7:309-319 (1995)), lipoxygenase (Fauconnier et al, 
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Grasas Y Aceites, 46:6-10 (1995)), and other genes. Similarly, the arrays of the present 
invention included a number of genes involved in photosynthesis and carbon fixation, 
such as chlorophyll a/b binding protein and the small subunit of RuBisCo. These and 
other related photosynthetic genes were found to be expressed preferentially in leaves. 
5 Thus, the overall reliability of the microarrays was confirmed by obtaining the expected 
preferential seed or leaf expression patterns for dozens of well-characterized genes. 

As described above, the seed-expressed ESTs were classified according to their 
putative function. Microarray analysis of groups of clones from several categories results 
in several observations. Only storage proteins stand out as a class with a high proportion 
1 0 of seed-specific sequences. As observed for the overall set of 2600 genes, only a minority 
of the clones in all other clone categories are seed-specific. Although oil is the major 
storage reserve in Arabidopsis seeds, lipid-biosynthesis related genes were in general only 
slightly more highly expressed in seeds. Of the 1 13 genes included on the microarrays 
S which are related to lipid biosynthesis, only 1 0 were found to occur in the subset with 

sy 15 ;> 1 0-fold higher seed vs leaf or root signals. These numbers reflect the fact that lipid 

biosynthesis is essential for growth of all tissues, and can be considered a "housekeeping" 
function. The 10 lipid related genes with high seed to leaf/root expression ratios include 
oleosin, FAE1, and lipases. 

Approximately 28 cDNAs with homology to transcription factors, kinases, 
,y 20 phosphatases and proteins involved in development were highly seed-specific (ratio ^4). 

Most of these represent genes which have not previously been characterized at the level 
of tissue-specific expression. Over 1 10 cDNAs of the ^4-fold subset (more than 23%) 
show no significant homology to known sequences (BLAST score <100) or fall in the 
category of proteins with unidentified function. Since the sequences of most structural 
25 genes are known, it is likely that these sets of new and unidentified seed-specific 
sequences contain many additional regulatory genes. 

5. Identification of New Strong Seed-Specific Promoter Regions 

Because EST abundance is in most cases related to mRNA abundance, the 
sequencing of >1 0,000 ESTs from a seed cDNA library has provided a set of data which 
30 can be used to identify highly expressed genes, as described previously. Microarray data 
provides additional information on tissue-specificity of gene expression. By combining 
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these two types of data, it is possible to identify genes which are both strongly expressed, 
and expressed with high tissue-specificity. Of course, many seed storage proteins and 
other genes are well known to fall into this category. A number of additional such 
candidates, which have both high EST abundance and high seed-specificity based on 
microarrays, were identified. Many of these highly expressed genes encode proteins of 
unidentified function. 

Previously, only a handful of genes have been available for analysis of promoters; 
these included primarily seed storage protein or other genes with highly abundant 
transcripts. The set of genes of the present invention includes a much wider range of 
examples, including genes with different expression timing and levels. 

The promoter regions of the present invention are identified from such genes, 
isolated, and characterized, as described below. 

C. Identification, Isolation and Characterization of Seed-specific Promoter 
Regions 

The next stage in the discovery of seed-specific promoter regions is to select a 
subset from an initial set of ESTs which are identified as highly expressed and seed- 
specific and which are genome sequences. Whether an EST sequence is a genome 
sequence is determined by comparing the EST sequence to the Arabidopsis genome by 
BLASTN searches. The flanking sequences of these genes is analyzed by programs such 
as GeneScan, GeneStart, and Genefinder to predict the associated promoter regions. 
Next, a subset of the gene promoter regions is identified, and characterized. 
Characterization includes determining the effectiveness of each promoter region to 
control expression of a reporter gene in transgenic seed tissue. Characterization also 
includes determining the effectiveness of fragments or modifications to a promoter region 
to control expression of a reporter gene in transgenic seed tissue. Additional seed- 
specific promoter regions are provided by identifying promoter regions naturally located 
upstream to a structural DNA sequence which hybridizes to a cDNA probe derived from 
the second subset of genomic ESTs which are identified as highly expressed and seed- 
specific, and which comprise naturally occurring effective promoter regions. 
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1 . Identification of Seed-Specific Promoter Regions 

From consideration of EST abundance and microarray signals, an initial set of 
about 30 genes were identified as highly expressed and seed specific, and for which 
genomic sequence data was available from GenBank. For every such gene, a sequence of 
about 20kb, including the gene and flanking regions in both directions, were analyzed by 
gene identification programs. Such programs include, but are not limited to, GeneScan, 
GeneStart, and Genefinder, and are used to determine the positions of the ATG start 
codons. In cases where regions of the genomic sequence have been previously 
annotated, the results obtained from Genescan were always similar to the previous 
annotated results. As a result of the gene prediction analysis, certain genes were regarded 
as undesirable for one of several reasons. These reasons included, for example, that the 
predicted protein was larger than expected or that the ATG was predicted by the software 
with low probability. Ultimately, the predicted results of 20 out of the initially selected 30 
genes were considered acceptable, and their upstream sequences used to identify 
seed-specific promoter regions; these genes are listed in Table 2 (as shown in Figure 18). 

By definition, the regions approximately 1 kb upstream of the ATC start codons 
of each of these 20 genes were considered to be promoter regions; these regions were 
then selected for subsequent PCR amplification. In some cases, PCR failed to yield a 
single band, or cloning of the PCR product was unsuccessful. Therefore, a set of 12 
promoter region sequences were amplified and further considered; these promoter regions 
were obtained from genes 1, 3, 4, 6, 7, 9, 13, 14, 15, 16, 17 and 19, and are referred to as 
PI, P3, P4, P6, P7, P9, P13, P14, P15, P16, P17 and P19, respectively. 

Characterization of the selected promoter regions includes determining the 
effectiveness of each promoter region to control expression of a reporter gene in 
transgenic seed tissue, as described below. 

2. Identification of Promoter Modifications and Fragments 

Once seed-specific promoter regions have been identified and characterized, it is 
then possible to identify fragments within the promoter region. For example, 
bioinformatics analysis of several hundred such promoters utilizing approaches similar to 
those described by Hughes etal, J.J. Mol. Biol., 296:1205-1214 (2000); Tavazoie etal, 
Nat. Genet., 22:81-285 (1999); or Zhang et al, Comput. Chem., 23:233-250 (1999), offer 
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new insights on cis activation sequences responsible for control of seed expression. 
Moreover, these promoters can be used to clone their corresponding trans acting elements 
using yeast one-hybrid screenings or similar approaches. 

The present invention further provides variant or modified sequences of the 
promoter sequences and 5'-upstream regulatory sequences described herein, where said 
variant sequences maintain the characteristic property of controlling or regulating seed- 
specific gene expression. For example, sequence variants include sequences with one or 
more nucleotide additions, deletions, or substitution.. Such changes include those in 
sequences that do not directly interact with a polymerase or transcriptional regulatory 
factors (for example, deletions to reduce the overall size of the construct without altering 
regulatory function) as well as changes within functional portions of the regulatory 
sequences. For example, in some embodiments of the present invention, sequence 
changes are made within a promoter sequence or enhancer or repressor sequence to alter 
the binding of the associated polymerase or transcription factor. In some embodiments, 
such changes are applied to increase or decrease the transcription of the associated gene. 
In some embodiments, changes are made to alter the ability of a transcription factor to 
bind to an enhancer sequence. Such changes allow, for example, the ability to alter the 
responsiveness of gene transcription to intracellular or extracellular signals (for example, 
hormonal signals). Likewise, changes can be made to make gene transcription responsive 
to a particular signal. For example, a promoter or enhancer sequence can be altered such 
that the new sequence is generated that is similar or identical to a consensus sequence or a 
sequence associated with a different gene, cell, or organism. In some embodiments, such 
changes allow the promoter and 5'-upstream regulatory region to be used effectively in 
across species. One skilled in the art can readily test an altered sequence to determine if it 
has the desired function. For example, the altered sequence can be connected to a 
reporter gene to determine the effect of the altered sequence compared to the unaltered 
sequence, using methods well known in the art. 

Fragments of the promoters of the present invention may be generated from the 
isolated genomic regions by exonuclease Hi-mediated deletion. This is accomplished by 
digesting appropriately prepared DNA with exonuclease HI (exoHI) and removing 
aliquots at increasing intervals of time during the digestion. The resulting successively 
smaller fragments of DNA may be sequenced to determine the exact endpoint of the 
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deletions. There are several commercially available systems which use exonuclease HI 
(exoIH) to create such a deletion series, for example Promega Biotech, "Erase- A-Base" 
system. Alternatively, PCR primers can be defined to allow direct amplification of the 
promoter regions of the present invention, or parts thereof such as promoters and 5' 
transcribed but untranslated regions. Any and all deletion fragments which comprise a 
contiguous portion of the nucleotide sequences set forth in any of SEQ ID NOS: 1-12 and 
which retain the capacity to direct seed-specific expression are contemplated by the 
present invention. 

Motifs of the promoter regions of the present invention are discovered by further 
analysis of the promoter region sequences. In one method, the sequences are compared 
by sequence alignments to determine areas of high similarity. In another method, the 
sequences are evaluated for the presence of regions with particular functions or known 
structures, such as binding sites or stem-loop structures. Such motifs, which retain or 
affect in any way the capacity to direct seed-specific expression are also contemplated by 
the present invention. In some embodiments, promoters which comprise these motifs are 
also seed-specific promoters. In other embodiments, nucleic acid sequences which 
comprise these motifs are seed-specific promoters. 

For example, in promoters P6, PI 4, and PI 6, there is an inverted-repeat sequence 
(indicated by highlight in Figures 15-17). The BLAST result of these sequences blasted 
against their reverse complementary sequences are also shown in the Figures 15-17. 
These particular inverted-repeat sequences do not appear to have been studied before. 
These motifs also differ from those previously reported, in that they do not have an 
interval between two repeats, as has been reported for transposon, virus, and chloroplast 
DNA, and some DNA genomic fragments. 

3. Characterization of Promoter Regions 

Confirmation that a seed-specific promoter region is effective and directs 
seed-specific expression, and the effect of modifications or fragments of such a promoter 
on seed-specific expression, is accomplished by construction of transcriptional and/or 
translational fusions of specific promoter sequences with the coding sequences of a 
heterologous gene, transfer of the chimeric gene into an appropriate host, and detection of 
the expression of the heterologous gene in seed tissue or developing seed tissue, but not 
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in non-seed tissue. The assay used to detect expression depends upon the nature of the 
heterologous sequence. For example, reporter genes, exemplified by chloramphenicol 
acetyl transferase and P-glucuronidase (GUS), are commonly used to assess 
transcriptional and translational competence of chimeric constructions. Standard assays 
are available to sensitively detect the reporter enzyme in a transgenic organism. 

The p-glucuronidase (GUS) gene is useful as a reporter of promoter activity in 
transgenic plants because of the high stability of the enzyme in plant cells, the lack of 
intrinsic P-glucuronidase activity in higher plants and availability of a quantitative 
fluorimetric assay and a histochemical localization technique. Standard procedures for 
biochemical and histochemical detection of GUS activity in plant tissues have been 
established Jefferson et al. (1987) EMBO J 6: 3901-3907). Biochemical assays are 
performed by mixing plant tissue lysates with 4-methylumbelliferyl-P-D-glucuronide, a 
fluorimetric substrate for GUS, incubating one hour at 37 OC, and then measuring the 
fluorescence of the resulting 4-methyl-umbelliferone. Histochemical localization for 
GUS activity is determined by incubating plant tissue samples in 
5-bromo-4-chloro-3-indolyl-glucuronide (X-Gluc) for about 18 hours at 37 OC and 
observing the staining pattern of X-Gluc. The construction of such chimeric genes allows 
definition of specific regulatory sequences and demonstrates that these sequences can 
direct expression of heterologous genes in a seed-specific manner. 

Constructs are prepared generally as described below; they are then used to 
transform plants, also as generally described below. One such GUS construct is 
described in Example 3; this construct is used to transform Arabidopsis plants (as 
described below) for the following characterization studies. 

The strength of the promoter regions of the present invention are determined by 
first confirming that the promoter regions result in GUS expression in developing seed. 
Next, seed tissue is collected from developing seed at least two different time points 
during development (such as 6 and 16 days after pollination, or DAP), and GUS activity 
quantitated. GUS activity under control of a seed-specific promoter region is compared 
to expression of GUS in wild type seeds, as well as expression of GUS under control of 
Napin, Phaseolin, and 35S promoters, such as is described in Example 3. Each construct 
is assayed in several different transformants, and in preferably at least 1 0-20 different 
transformants. The strength of the promoter regions are determined by the expression of 
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GUS under control of the promoter regions of the present invention relative to its 
expression under the control promoters. 

The tissue specificity of the promoter regions of the present invention is 
determined by examining GUS expression in different tissues. The tissues to be 
examined include but are not limited to young seedlings, roots, floral tissue, vascular 
tissue, maturing leaf tissue, and siliques; the presence of GUS is measured and its 
localization determined by histochemical staining. Seed-specificity of a particular 
promoter region is evaluated by observed GUS expression ratios between silique and the 
other tissues. A ratio of greater than one indicates that the promoter is seed-specific; 
preferably, the ratio is greater than about two; more preferably, the ratio is greater than 
about four; and even more preferably the ratio is greater than about ten. 

The expression of GUS is also determined in different embryo stages. For this 
purpose, developing embryo tissue is collected at 3, 6, 9, 12, 15, and 18 DAP, and the 
location and amount of GUS expression determined by histochemical staining. Thus, 
both the timing and the level of expression of the promoter regions of the present 
invention are determined by the period during which GUS expression is observed, and by 
the amount of GUS activity observed. 

Additional factors which may affect the levels of expression of a heterologous 
gene under control of a seed-specific promoter include copy number, or the number of 
copies of the heterologous gene transfected into a transgenic plant, and position effect, or 
the effect of the chromosomal location of the inserted heterologous gene in a transgenic 
plant. In the experiments described in the Examples, it appears that copy number was not 
correlated to the level of gene expression, but that the insertion position might affect the 
level of gene expression. 

Of the promoters of the present invention, six promoters resulted in GUS levels in 
transgenic plants which were easily detected; these six promoters are PI, P3, P4, P6, PI 6, 
and PI 7. However, GUS activity for the remaining six promoters, P7, P9, PI 3, PI 4, PI 5, 
and PI 9, were very low or undetectable in the initial set of transgenic plants. It is not 
possible to rule out insertional position effects as resulting in these low levels of GUS 
activities. It is also possible that these promoters may require additional sequences 
beyond the predicted TATA box and start codon. Thus, identification of useful and 
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effective seed-specific promoters cannot be predicted reliably from sequence information 
alone, and preferably requires experimental confirmation. 

4. Identification of Additional Promoter Regions 

It is contemplated that the sequences described herein can be utilized to identify 
5 and isolate additional seed-specific genes and their associated promoters, preferably from 
other species of plants. 

Accordingly, in some embodiments, the present invention provides methods by 
which genomic sequences under control of the promoter regions of the present invention 
(as for example, genes 1-20 as described in Table 2, as shown in Figure 18) are used to 
10 identify additional homologous genomic sequences, preferably from other plants; the 

promoter regions of these homologous genomic sequences are then identified and isolated 
as described previously. Thus, in some aspects of the present invention, an at least partial 
genomic sequence of a plant is analyzed for sequences which are homologous to the 
Arabidipsis sequences which are identified as being specifically expressed in seeds (for 
15 example, those Arabidopsis sequences listed in Table 2, as shown in Figure 1 8). For 
example, BLAST searches (Altshul et al, Nucleic Acids Res. 25:3389-3402 (1997); 
http://www.ncbi.nlm.nih.gov/blast) may be utilized to search for nucleic acids having 
homology (for example, greater than 60%, 70%, 80%, or 90%) to the Arabidopsis 
sequences identified as expressed seed-specifically. Once homologous seed-specific 
y 20 genetic sequences are identified and isolated, they can be used to isolate promoter 
ip sequences as described above. 

In other aspects of the present invention, it is contemplated that the promoter 
regions of the present invention (for example, promoter regions PI, P3, P4, P6, P7, P9, 
P13, P14, P15, P16, P17, and P19, as shown in Figures 1-12 ), maybe utilized to search 
25 computer databases for homologous promoter sequences from other species, as described 
above. 

In yet other aspects of the present invention, additional seed-specific promoter 
regions are provided by identifying promoter regions naturally located upstream to a 
structural DNA sequence which hybridizes to a cDNA probe derived from the second 
30 subset of genomic ESTs which are identified as highly expressed and seed-specific, and 
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which comprise naturally occurring effective promoter regions. These promoter regions 
are then isolated and characterized as described above. 

II. Utilization of Promoters to Control Expression of Nucleic Acid Sequences of 
Interest 

The present invention further comprises methods of controlling expression of 
nucleic acid sequences of interest using seed specific promoter regions of the present 
invention. 

A. Nucleic Acid Sequences of Interest 

In some embodiments, the compositions and methods of the present invention are 
used to control or direct nucleic acid sequence expression in plant seed tissue. Although 
such sequences are referred to as "genes" under this section, it is understood that these 
sequences refer to the coding section of the gene which is expressed as an RNA product, 
but that these sequences do not necessarily include the promoter region, although other 
regulatory regions may be included. In certain embodiments the endogenous promoter 
region is not included; in others, it may be. The methods are not limited to the control of 
any particular gene. Indeed, a variety of genes are contemplated for control, including, 
but not limited to those, described below. 

In some embodiments, the gene of interest is an endogenous plant gene. The 
methods of the present invention are not limited to any particular plant. Indeed, a variety 
of plants are contemplated, including, but not limited to angiosperms, gymnosperms, 
monocotyledons, and dicotyledons. Specific plants contemplated include, but are not 
limited to, wheat, barley, maize, rye, rice, soybean, hemp, triticale, apricots, oranges, 
quince, melon, plum, cherry, peach, nectarine, strawberry, grape, raspberry, blackberry, 
pineapple, papaya, mango, banana, grapefruits, apples, pears, avocados, walnuts, 
almonds, filberts, pecans, carrots, lettuce, zucchini, tomatoes, beans, peas, cabbage, 
chicory, onion, garlic, pepper, squash, pumpkin, celery, turnips, radish, spinach, 
cauliflower, potatoes, sweet potatoes, broccoli, eggplant, cucumber, asparagus, poplar, 
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pine, sequoia, cedar, oak, tobacco, clover, lotus, jojoba, rapeseed, sunflower, sorghum, 
sugarcane, sugar beet, safflower, arabidopsis, alfalfa, and cotton. 

In some embodiments, the compositions and methods of the present invention are 
used to control or direct the expression of a gene involved in a metabolic pathway of a 
plant cell (for example, genes responsible for the synthesis or metabolism of peptides, 
proteins, fatty acids, lipids, waxes, oils, starches, sugars, carbohydrates, flavors, odors, 
fragrances, toxins, carotenoid pigments, hormones, cell wall polymers, gene regulatory 
molecules, flavonoids, storage proteins, phenolic acids, coumarins, alkaloids, quinones, 
lignins, glucosinolates, tannins, aliphatic amines, celluloses, polysaccharides, 
glycoproteins and glycolipids), in resistance or susceptibility of a plant to diseases (for 
example, to viral infection), in a visible phenotype (for example, flower color intensity, 
color hue and color pattern); or cell differentiation. For example, specific genes 
contemplated include, but are not limited to, those described in U.S. Patents 5,107,065; 
5,283,184; and 5,034,323; each of which is herein incorporated by reference. 

In other embodiments, the compositions and methods of the present invention are 
used to alter the expression of a plant gene whose function is unknown in order to 
elucidate its function. Sense and antisense fragments of the gene are introduced to the 
plant. The plant is then examined for phenotypic changes (for example, metabolic or 
visible). 

B. Methods of Transforming Plants 
1. Vectors 

Nucleic acid sequences of interest intended for expression in plants are first 
assembled in expression cassettes comprising a promoter (for example, the promoter 
regions of the present invention). Methods which are well known to those skilled in the 
art may be used to construct expression vectors containing nucleic acid sequences of 
interest and appropriate transcriptional and translational control elements. These methods 
include in vitro recombinant DNA techniques, synthetic techniques, and in vivo genetic 
recombination. Such techniques are widely described in the art {See for example, 
Sambrook. et al. (1989) Molecular Cloning, A Laboratory Manual, Cold Spring Harbor 
Press, Plainview, N.Y., and Ausubel, F. M. et al. (1989) Current Protocols in Molecular 
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Biology, John Wiley & Sons, New York, N.Y, both of which are herein incorporated by 
reference). 

The expression cassettes may further comprise any sequences required for 
expression of mRNA. Such sequences include, but are not limited to transcription 
terminators, enhancers such as introns, viral sequences, and sequences intended for the 
targeting of the gene product to specific organelles and cell compartments. 

A variety of transcriptional terminators are available for use in expression of 
sequences using the promoters of the present invention. Transcriptional terminators are 
responsible for the termination of transcription beyond the transcript and its correct 
polyadenylation. Appropriate transcriptional terminators and those which are known to 
function in plants include, but are not limited to, the CaMV 35S terminator, the tml 
terminator, the pea rbcS E9 terminator, and the nopaline and octopine synthase terminator 
{See for example, Odell et al, Nature 313:810 (1985); Rosenberg et al, Gene, 56:125 
(1987); Guerineau etal, Mol. Gen. Genet., 262:141 (1991); Proudfoot, Cell, 64:671 
(1991); Sanfacon et al, Genes Dev., 5:141 ; Mogen et al, Plant Cell, 2:1261 (1990); 
Munroe et al, Gene, 91:151 (1990); Ballas et al, Nucleic Acids Res. 17:7891 (1989); 
Joshi etal, Nucleic Acid Res., 15:9627 (1987)). 

In addition, in some embodiments, constructs for expression of a nucleic acid 
sequence of interest include one or more of sequences found to enhance gene expression 
from within the transcriptional unit. These sequences can be used in conjunction with the 
nucleic acid sequence of interest to increase expression in plants. Various intron 
sequences have been shown to enhance expression, particularly in monocotyledonous 
cells. For example, the introns of the maize Adhl gene have been found to significantly 
enhance the expression of the wild-type gene under its cognate promoter when introduced 
into maize cells (Callis et al, Genes Develop. 1: 1183 (1987)). Intron sequences have 
been routinely incorporated into plant transformation vectors, typically within the 
non-translated leader. 

In some embodiments of the present invention, the construct for expression of the 
nucleic acid sequence of interest also includes a regulator such as a nuclear localization 
signal (Kalderon et al, Cell 39:499 (1984); Lassner et al, Plant Molecular Biology 
17:229 (1991)), a plant translational consensus sequence (Joshi, Nucleic Acids Research 
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15:6643 (1987)), an intron (Luehrsen and Walbot, Mol.Gen. Genet. 225:81 (1991)), and 
the like, operably linked to the nucleic acid sequence of interest. 

In preparing the construct comprising the nucleic acid sequence of interest, 
various DNA fragments can be manipulated, so as to provide for the DNA sequences in 
5 the desired orientation (for example, sense or antisense) orientation and, as appropriate, in 

the desired reading frame. For example, adapters or linkers can be employed to join the 
DNA fragments or other manipulations can be used to provide for convenient restriction 
sites, removal of superfluous DNA, removal of restriction sites, or the like. For this 
purpose, in vitro mutagenesis, primer repair, restriction, annealing, resection, ligation, or 
10 the like is preferably employed, where insertions, deletions or substitutions (for example, 
transitions and transversions) are involved. 

^= Numerous transformation vectors are available for plant transformation. The 

sO selection of a vector for use will depend upon the preferred transformation technique and 

"% the target species for transformation. For certain target species, different antibiotic or 

gg 15 herbicide selection markers are preferred. Selection markers used routinely in 

transformation include the nptn gene which confers resistance to kanamycin and related 
"n antibiotics (Messing and Vierra, Gene 19: 259 (1982); Bevan et al, Nature 304:184 

* (1983)), the bar gene which confers resistance to the herbicide phosphinothricin (White et 

jl al, Nucl Acids Res. 18:1062 (1990); Spencer et al, Theor. Appl. Genet. 79: 625 (1990)), 

■W 20 the hph gene which confers resistance to the antibiotic hygromycin (Blochlinger and 

Diggelmann, Mol. Cell. Biol. 4:2929 (1984)), and the dhfr gene, which confers resistance 
p to methotrexate (Bourouis et al, EMBO J., 2:1099 (1983)). 

In some embodiments of the present invention, transformation is carried out using 
Agrobacterium tumefaciens mediated methods. Many vectors are available for 

25 transformation using Agrobacterium tumefaciens. These typically carry at least one 

T-DNA border sequence and include vectors such as pBIN19 (Bevan, Nucl. Acids Res., 
12:871 1 (1984)). An additional vector useful for Agrobacterium-mediated transformation 
is the binary vector pCIBlO (Rothstein et al, Gene 53:153 (1987)) which contains a gene 
encoding kanamycin resistance for selection in plants, T-DNA right and left border 

30 sequences and incorporates sequences from the wide host-range plasmid pRK252 

allowing it to replicate in both E. coli and Agrobacterium. Various derivatives of pCIBlO 
have been constructed which incorporate the gene for hygromycin B phosphotransferase 
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{See for example, Gritz et al, Gene, 25: 179 (1983)). These derivatives enable selection 
of transgenic plant cells on hygromycin only (pCIB743), or hygromycin and kanamycin 
(pCro715,pCIB717). 

In some embodiments of the present invention, the nucleic acid sequence of 
interest is introduced directly into a plant. One vector useful for direct gene transfer 
techniques in combination with selection by the herbicide Basta (or phosphinothricin) is a 
modified version of the plasmid pCIB246, with the CaMV 35 S promoter replaced by a 
promoter region of the present invention (for example, SEQ ID NOs: X) in operational 
fusion to the E. coli GUS gene and the CaMV 35S transcriptional terminator and is 
described in WO 93/07278, which is herein incorporated by reference. In some 
embodiments of the present invention, this vector is modified to include a promoter of the 
present invention (for example, SEQ ID NOs: X) operatively linked to two nucleic acid 
sequences of interest. The gene providing resistance to phosphinothricin is the bar gene 
from Streptomyces hygroscopicus (Thompson et al, EMBO J., 6:2519 (1987)). 

2. Transformation Techniques 

Once the nucleic acid sequences have been operatively linked to a promoter of the 
present invention and inserted into a suitable vector for the particular transformation 
technique utilized (for example, one of the vectors described above), the recombinant 
DNA described above can be introduced into a plant cell in a number of art-recognized 
ways. Those skilled in the art will appreciate that the choice of method depends upon the 
type of plant targeted for transformation. In some embodiments, the vector is maintained 
episomally. In other embodiments, the vector is integrated into the genome. 

In some embodiments, vectors useful in the practice of the present invention are 
microinjected directly into plant cells by use of micropipettes to mechanically transfer the 
recombinant DNA (Crossway, Mol. Gen. Genet, 202:179 (1985)). In still other 
embodiments, the vector is transferred into the plant cell by using polyethylene glycol 
(Krens et al, Nature, 296:72 (1982); Crossway et al, BioTechniques, 4:320 (1986)); 
fusion of protoplasts with other entities, either minicells, cells, lysosomes or other fusible 
lipid-surfaced bodies (Fraley et al, Proc. Natl. Acad. Sci., USA, 79:1859 (1982)); 
protoplast transformation (EP 0 292 435; herein incorporated by reference); direct gene 
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transfer (Paszkowski et al, EMBO J., 3:2717 (1984); Hayashimoto et al, Plant Physiol. 
93:857 (1990)). 

In other embodiments, the vector may also be introduced into the plant cells by 
electroporation. (Fromm, et al, Pro. Natl Acad. Sci. USA 82:5824, 1985; Riggs et al, 
Proc. Natl. Acad. Sci. USA 83:5602 (1986)). In this technique, plant protoplasts are 
electroporated in the presence of plasmids containing the gene construct. Electrical 
impulses of high field strength reversibly permeabilize biomembranes allowing the 
introduction of the plasmids. Electroporated plant protoplasts reform the cell wall, divide, 
and form plant callus. 

In still further embodiments, the vector is introduced through ballistic particle 
acceleration using devices (for example, available from Agracetus, Inc., Madison, Wis. 
and Dupont, Inc., Wilmington, Del). (See for example, U.S. Pat. No. 4,945,050; herein 
incorporated by reference; and McCabe et al, Biotechnology 6:923 (1988)). See also, 
Weissinger et al, Annual Rev. Genet. 22:421 (1988); Sanford et al, Particulate Science 
and Technology, 5:27 (1987) (onion); Svab et al, Proc. Natl. Acad. Sci. USA, 87:8526 
(1990) (tobacco chloroplast); Christou et al, Plant Physiol., 87:671 (1988) (soybean); 
McCabe et al, Bio/Technology 6:923 (1988) (soybean); Klein et al, Proc. Natl. Acad. 
Sci. USA, 85:4305 (1988) (maize); Klein et al, Bio/Technology, 6:559 (1988) (maize); 
Klein et al, Plant Physiol., 91:4404 (1988) (maize); Fromm et al, Bio/Technology, 8:833 
(1990); and Gordon-Kamm et al, Plant Cell, 2:603 (1990) (maize); Koziel et al, 
Biotechnology, 11:194 (1993) (maize); Hill et al, Euphytica, 85:1 19 (1995) and Koziel et 
al, Annals of the New York Academy of Sciences 792:164 (1996); Shimamoto et al, 
Nature 338: 274 (1989) (rice); Christou et al, Biotechnology, 9:957 (1991) (rice); Datta 
et al, Bio/Technology 8:736 (1990) (rice); European Patent Application EP 0 332 581, 
herein incorporated by reference (orchard grass and other Pooideae); Vasil et al, 
Biotechnology, 11: 1553 (1993) (wheat); Weeks etal, Plant Physiol., 102: 1077 (1993) 
(wheat); Wan et al, Plant Physiol. 104: 37 (1994) (barley); Knudsen and Muller, Planta, 
185:330 (1991) (barley); Umbeck et al, Bio/Technology 5: 263 (1987) (cotton); Casas et 
al, Proc. Natl. Acad. Sci. USA 90:1 1212 (1993) (sorghum); Somers et al, 
Bio/Technology 10:1589 (1992) (oat); Torbert et al, Plant Cell Reports, 14:635 (1995) 
(oat); Weeks et al, Plant Physiol., 102:1077 (1993) (wheat); and Chang et al, WO 
94/13822 (wheat). 
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In addition to direct transformation, in some embodiments, the vectors comprising 
the nucleic acid sequences of interest and a promoter of the present invention are 
transferred using Agrobacterium-mediated transformation (Hinchee et al, Biotechnology, 
6:915 (1988); Ishida et al, Nature Biotechnology 14:745 (1996)). Agrobacterium is a 
representative genus of the gram-negative family Rhizobiaceae. Its species are 
responsible for plant tumors such as crown gall and hairy root disease. In the 
dedifferentiated tissue characteristic of the tumors, amino acid derivatives known as 
opines are produced and catabolized. The bacterial genes responsible for expression of 
opines are a convenient source of control elements for chimeric expression cassettes. 
Heterologous genetic sequences (for example, nucleic acid sequences operatively linked 
to a promoter of the present invention), can be introduced into appropriate plant cells, by 
means of the Ti plasmid of Agrobacterium tumefaciens. The Ti plasmid is transmitted to 
plant cells on infection by Agrobacterium tumefaciens, and is stably integrated into the 
plant genome (Schell, Science, 237: 1 176 (1987)). Species which are susceptible 
infection by Agrobacterium maybe transformed in vitro. 

3. Regeneration 

After determination of the presence and expression of the desired gene products, 
whole plants are regenerated. Plant regeneration from cultured protoplasts is described in 
Evans et al, Handbook of Plant Cell Cultures, Vol. 1: (MacMillan Publishing Co. New 
York, 1983); and Vasil I. R. (ed.), Cell Culture and Somatic Cell Genetics of Plants, 
Acad. Press, Orlando, Vol. I, 1984, and Vol. m, 1986. It is known that many plants can 
be regenerated from cultured cells or tissues, including both monocots and dicots, and 
including for example, crop plants, ornamentals and other horticultural plants, shrubs, and 
trees. Means for regeneration vary from species to species of plants, but generally a 
suspension of transformed protoplasts is first provided. Callus tissue is formed and shoots 
may be induced from callus and subsequently rooted. 

Alternatively, embryo formation can be induced from the protoplast suspension. 
These embryos germinate and form mature plants. The culture media will generally 
contain various amino acids and hormones, such as auxin and cytokinins. Shoots and 
roots normally develop simultaneously. Efficient regeneration will depend on the 
medium, on the genotype, and on the history of the culture. The reproducibility of 
regeneration depends on the control of these variables. 
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III. Methods of Production of Gene Products of Interest 

The present invention further comprises methods of producing products of nucleic 
acid sequences of interest by using promoter regions of the present invention. 

A. Production in Plants 

5 In some embodiments, the present invention provides methods of producing one 

or more gene products of interest using a promoter region of the present invention. In 
some embodiments, a promoter region of the present invention (for example, promoters 
regions PI, P3, P4, P6, P7, P9, P13, P14, P15, P16, P17, and P18, SEQ ID NOS: 1-12 as 
shown in Figures 1-12)) is used to express two gene products of interest (for example, 
1 0 two subunits of a multi-subunit protein or two members of a metabolic pathway) from the 
% same promoter construct. In other embodiments, a sequence that hybridizes to a promoter 

S regions of the present invention is utilized. In yet other embodiments, a sequence 

Jf containing a fragment or modification of a promoter region of the present invention is 

O utilized. In still other embodiments, an isolated promoter region naturally occurring 

^ 1 5 upstream from a plant gene sequence which is homologous to at least one of the 
a Arabidopsis sequences listed in Table 2 (shown in Figure 1 8) is utilized. One skilled in 

'f* the art will recognize, in view of the present disclosure, that the expression vectors 

s s j comprising a promoter of the present invention and one or more nucleic acid sequences of 

Q interest may contain additional regulatory and enhancer elements specific to the host cell 

y 20 utilized for expression (for example, those described above or below). 

In some embodiments, one or more gene products of interest are expressed in 
regenerated plants (for example, in seed tissue to elicit a specific metabolic response). In 
other embodiments, polypeptides of interest are expressed in plants for use in food stuffs 
(for example, to increase the nutritional value or to express a pharmaceutical compound). 
25 In still further embodiments, one or more polypeptides of interest are expressed in cell 

culture (for example, plant, bacterial, or eukaryotic cells) for the purpose of purifying the 
polypeptides of interest from the cell culture. 

The "control elements" or "regulatory sequences" are those non-translated regions 
of the vector—enhancers, promoters, 5' and 3' untranslated regions— which interact with 
30 host cellular proteins to carry out transcription and translation. Such elements may vary 
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in their strength and specificity. Depending on the vector system and host utilized, any 
number of suitable transcription and translation elements may be utilized. For example, 
for expression mediated by plant viruses, viral promoters or leader sequences may be 
included in the vector. 

In some preferred embodiments, the 5' leader sequence is included in the 
expression cassette construct. Such leader sequences can act to enhance translation. 
Translation leaders are known in the art and include: picornavirus leaders, for example, 
EMCV leader (Encephalomyocarditis 5' non-coding region; Elroy-Stein et al, PNAS, 
86:6126 (1989)); potyvirus leaders, for example, TEV leader (Tobacco Etch Virus; 
Niepel and Gallie, J Virol., 73:9080 (1999)) MDMV leader (Maize Dwarf Mosaic Virus; 
Virology, 154:9 (1986)), and human immunoglobulin heavy-chain binding protein (BiP; 
Macejak and Samow, Nature 353:90 (1991)); untranslated leader from the coat protein 
mRNA of alfalfa mosaic virus (AMV RNA 4; Jobling and Gebrke, Nature, 325:622 
(1987)); tobacco mosaic virus leader (TMV; Gallie et al, Molecular-Biology of RNA, 
pages 237-256 (1989)); and maize chlorotic mottle virus leader (MCMV; Lommel et al, 
Virology 91:382 (1991); Della-Cioppa et al, Plant Physiology 84:965 (1987)). 

In some embodiments, one or more polypeptides of interest are expressed in 
plants using stable transformation, as described above. In other embodiments, plant 
vectors are created using a recombinant plant virus containing a recombinant plant viral 
nucleic acid, as described in PCT publication WO 96/40867 which is herein incorporated 
by reference. Subsequently, the recombinant plant viral nucleic acid which contains one 
or more nucleic acid sequences encoding polypeptides of interest are transcribed or 
expressed in the infected tissues of the plant host and the polypeptides are recovered from 
the plant, as described in WO 99/36516, which is herein incorporated by reference. 

In this embodiment, recombinant plant viral nucleic acids which contain a 
promoter region of the present invention linked to at least one nucleic acid sequence of 
interest are utilized. The recombinant plant viral nucleic acids have substantial sequence 
homology to plant viral nucleotide sequences and may be derived from an RNA, DNA, 
cDNA or a chemically synthesized RNA or DNA. A partial listing of suitable viruses is 
described below. 
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The first step in producing recombinant plant viral nucleic acids according to this 
particular embodiment is to modify the nucleotide sequences of the plant viral nucleotide 
sequence by known techniques such that a promoter region of the present invention (for 
example, PI, P3, P4, P6, P7, P9, P13, P14, P15, P16, P17 and P19, SEQIDNOS: 1-12, 
as shown in Figures 1-12) is inserted into the plant viral nucleic acid without destroying 
the biological function of the plant viral nucleic acid. The native coat protein coding 
sequence may be deleted in some embodiments, placed under the control of a non-native 
subgenomic promoter in other embodiments, or retained in a further embodiment. If it is 
deleted or otherwise inactivated, a non-native coat protein gene is inserted under control 
of one of the non-native subgenomic promoters, or optionally under control of the native 
coat protein gene subgenomic promoter. The non-native coat protein is capable of 
encapsidating the recombinant plant viral nucleic acid to produce a recombinant plant 
virus. Thus, the recombinant plant viral nucleic acid contains a coat protein coding 
sequence, which may be native or a normative coat protein coding sequence, under 
control of one of the native or non-native subgenomic promoters. The coat protein is 
involved in the systemic infection of the plant host. 

Some of the viruses suitable for use in the present invention include, but are not 
limited to viruses from the tobamovirus group such as Tobacco Mosaic virus (TMV), 
Ribgrass Mosaic Virus (RGM), Cowpea Mosaic virus (CMV), Alfalfa Mosaic virus 
(AMV), Cucumber Green Mottle Mosaic virus watermelon strain (CGMMV-W) and Oat 
Mosaic virus (OMV) and viruses from the brome mosaic virus group such as Brome 
Mosaic virus (BMV), broad bean mottle virus and cowpea chlorotic mottle virus. 
Additional suitable viruses include Rice Necrosis virus (RNV), and geminiviruses such as 
tomato golden mosaic virus (TGMV), Cassava latent virus (CLV) and maize streak virus 
(MSV). 

Other embodiments of plant vectors used for the expression of sequences 
encoding polypeptides include, for example, a promoter region of the present invention 
used in combination with the omega leader sequence from TMV (Takamatsu, EMBO J. 
6:307 (1987)). These constructs can be introduced into plant cells by any suitable 
methods, including, but not limited to those described above. 
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B. Confirmation of Product Presence 

Host cells which contain a nucleic acid sequence of interest may be identified by a 
variety of procedures known to those of skill in the art. These procedures include, but are 
not limited to, enzyme assay, DNA-DNA or DNA-RNA hybridizations and protein 
bioassay or immunoassay techniques which include membrane, solution, or chip based 
technologies for the detection and/or quantitation of nucleic acid or protein. 

The presence of nucleic acid sequences of interest can be detected by DNA-DNA 
or DNA-RNA hybridization or amplification using probes or portions or fragments of 
polynucleotides encoding the polypeptide. Nucleic acid amplification based assays 
involve the use of oligonucleotides or oligomers based on the sequences of interest to 
detect transformants containing DNA or RNA encoding the polypeptide. 

A variety of protocols for detecting and measuring the expression of a polypeptide 
using either polyclonal or monoclonal antibodies specific for the protein are known in the 
art. Examples include enzyme-linked immunosorbent assay (ELISA), radioimmunoassay 
(RIA), and fluorescence activated cell sorting (FACS). A two-site, monoclonal-based 
immunoassay utilizing monoclonal antibodies reactive to two non-interfering epitopes on 
the polypeptide is preferred, but a competitive binding assay may be employed. These 
and other assays are described, among other places, in Hampton et al, 1990; Serological 
Methods, a Laboratory Manual, APS Press, St Paul, Minn.; and Maddox et al, J. Exp. 
Med., 158:1211 (1983)). 

A wide variety of labels and conjugation techniques are known by those skilled in 
the art and may be used in various nucleic acid and amino acid assays. Means for 
producing labeled hybridization or PCR probes for detecting sequences related to 
polynucleotides encoding a polypeptide of interest include oligonucleotide labeling, nick 
translation, end-labeling or PCR amplification using a labeled nucleotide. Alternatively, 
the sequences encoding the polypeptide, or any portions thereof may be cloned into a 
vector for the production of an mRNA probe. Such vectors are known in the art, are 
commercially available, and may be used to synthesize RNA probes in vitro by addition 
of an appropriate RNA polymerase such as T7, T3, or SP6 and labeled nucleotides. 
These procedures may be conducted using a variety of commercially available kits from 
Pharmacia & Upjohn (Kalamazoo, MI), Promega Corporation (Madison, WI) and U.S. 
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Biochemical Corp. (Cleveland, OH). Suitable reporter molecules or labels, which may be 
used, include radionucleotides, enzymes, fluorescent, chemiluminescent, or chromogenic 
agents as well as substrates, cofactors, inhibitors, magnetic particles, and the like. 

C. Recovery of Expressed Products 

In some embodiments of the present invention, it is desirable to recover expressed 
proteins from seed tissue. Plants transformed with nucleotide sequences encoding one or 
more polypeptides of interest may be cultivated under conditions suitable for high 
expression and subsequent recovery of the protein from seeds. The protein produced by a 
recombinant cell may be secreted or contained intracellularly depending on the sequence 
and/or the vector used. As will be understood by those of skill in the art, expression 
vectors containing polynucleotides which encode the polypeptide(s) of interest may be 
designed to contain signal sequences which direct secretion of the polypeptide into a 
particular cell compartment, such as a vacuole or a plastid. 

In other embodiments of the present invention, other recombinant constructions 
may be used to join sequences encoding a polypeptide to nucleotide sequence encoding a 
polypeptide domain which will facilitate purification of soluble proteins. Such 
purification facilitating domains include, but are not limited to, metal chelating peptides 
such as histidine-tryptophan modules that allow purification on immobilized metals, 
protein A domains that allow purification on immobilized immunoglobulin, and the 
domain utilized in the FLAGS extension/affinity purification system (Immunex Corp., 
Seattle, WA). The inclusion of cleavable linker sequences such as those specific for 
Factor XA or enterokinase (available from Invitrogen, San Diego, CA) between the 
purification domain and the polypeptide of interest may be used to facilitate purification. 
One such expression vector provides for expression of a fusion protein containing the 
polypeptide of interest and a nucleic acid encoding 6 histidine residues preceding a 
thioredoxin or an enterokinase cleavage site. The histidine residues facilitate purification 
on MIAC (immobilized metal ion affinity chromatography) as described in Porath et ai, 
Prot. Exp. Purif., 3:263 (1992) while the enterokinase cleavage site provides a means for 
purifying the polypeptide from the fusion protein. A discussion of vectors which contain 
fusion proteins is provided in Kroll et ai, DNA Cell Biol, 12:441 (1993)). 
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D. Increasing or Decreasing Gene Expression 

It is contemplated that promoter regions of the present invention may be utilized 
to either increase or decrease the level of expression of nucleic acid sequences of interest 
in transfected cells as compared to the levels in wild-type cells. Accordingly, in some 
5 embodiments, expression in plants by the methods described above leads to the 

overexpression of nucleic acid sequences of interest in transgenic plants, plant tissues, or 
plant cells. 

In other embodiments of the present invention, the promoter regions of the present 
invention are utilized to decrease the level of expression of nucleic acid sequences of 
10 interest in transgenic plants, plant tissues, or plant cells as compared to wild-type plants, 
Q plant tissues, or plant cells. One method of reducing expression utilizes expression of 

:-JTE 

Z antisense transcripts. Antisense RNA has been used to inhibit plant target genes in a 

Cf tissue-specific manner (for example, van der Krol et al, Biotechniques 6:958-976 

J~ (1 988)). Antisense inhibition has been shown using the entire cDNA sequence as well as 

Ul 15 a partial cDNA sequence (for example, Sheehy et al., Proc. Natl. Acad. Sci. USA 
>B 85:8805-8809 (1988); Cannon et al, Plant Mol. Biol. 15:39-47 (1990)). There is also 

<M= evidence that 3' non-coding sequence fragment and 5' coding sequence fragments, 

containing as few as 41 base-pairs of a 1 .87 kb cDNA, can play important roles in 
n antisense inhibition (Ch'ng et al, Proc. Natl. Acad. Sci. USA 86:10006-10010 (1989)). 

O 

L 20 Accordingly, in some embodiments, promoter regions of the present invention 

(for example, PI, P3, P4, P6, P7, P9, P13, P16, P17, and P19, SEQ ID NOS: 1-12, as 
shown in Figures 1-12, and modifications and fragments thereof) are operably linked to 
nucleic acid sequences of interest which are oriented in a vector and expressed so as to 
produce antisense transcripts. To accomplish this, a nucleic acid segment from the 

25 desired gene is cloned and operably linked to a promoter region of the present invention 
such that the antisense strand of RNA will be transcribed. The expression cassette is then 
transformed into plants and the antisense strand of RNA is produced. The nucleic acid 
segment to be introduced generally will be substantially identical to at least a portion of 
the endogenous gene or genes to be repressed. The sequence, however, need not be 

30 perfectly identical to inhibit expression. The vectors of the present invention can be 
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designed such that the inhibitory effect applies to other proteins within a family of genes 
exhibiting homology or substantial homology to the target gene. 

Furthermore, for antisense suppression, the introduced sequence also need not be 
full length relative to either the primary transcription product or fully processed mRNA. 
Generally, higher homology can be used to compensate for the use of a shorter sequence. 
Furthermore, the introduced sequence need not have the same intron or exon pattern, and 
homology of non-coding segments may be equally effective. Normally, a sequence of 
between about 30 or 40 nucleotides and about full length nucleotides should be used, 
though a sequence of at least about 100 nucleotides is preferred, a sequence of at least 
about 200 nucleotides is more preferred, and a sequence of at least about 500 nucleotides 
is especially preferred. 

Catalytic RNA molecules or ribozymes can also be used to inhibit expression of 
the target gene or genes. It is possible to design ribozymes that specifically pair with 
virtually any target RNA and cleave the phosphodiester backbone at a specific location, 
thereby functionally inactivating the target RNA. In carrying out this cleavage, the 
ribozyme is not itself altered, and is thus capable of recycling and cleaving other 
molecules, making it a true enzyme. The inclusion of ribozyme sequences within 
antisense RNAs confers RNA-cleaving activity upon them, thereby increasing the activity 
of the constructs. 

A number of classes of ribozymes have been identified. One class of ribozymes is 
derived from a number of small circular RNAs which are capable of self-cleavage and 
replication in plants. The RNAs replicate either alone (viroid RNAs) or with a helper 
virus (satellite RNAs). Examples include RNAs from avocado sunblotch viroid and the 
satellite RNAs from tobacco ringspot virus, lucerne transient streak virus, velvet tobacco 
mottle virus, Solanum nodiflorum mottle virus and subterranean clover mottle virus. The 
design and use of target RNA-specific ribozymes is described in Haseloff, et al, Nature 
334:585-591 (1988). 

Another method of reducing expression of nucleic acid sequences of interest 
utilizes the phenomenon of cosuppression or gene silencing (See for example, U.S. Pat. 
No. 6,063,947, incorporated herein by reference). The phenomenon of cosuppression has 
also been used to inhibit plant target genes in a tissue-specific manner. Cosuppression of 
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an endogenous gene using a full-length cDNA sequence as well as a partial cDNA 
sequence (730 bp of a 1770 bp cDNA) are known (for example, Napoli et al., Plant Cell 
2:279-289 (1990); van der Krol et al, Plant Cell 2:291-299 (1990); Smith et al, Mol. 
Gen. Genetics 224:477-481 (1990)). Accordingly, in some embodiments the promoter 
5 regions of the present invention are operably linked to nucleic acid sequences of interest 
which are expressed in another species of plant to effect cosuppression of a homologous 
gene. 

Generally, where inhibition of expression is desired, some transcription of the 
introduced sequence occurs. The effect may occur where the introduced sequence 
10 contains no coding sequence per se, but only intron or untranslated sequences 

homologous to sequences present in the primary transcript of the endogenous sequence. 
The introduced sequence generally will be substantially identical to the endogenous 
.= sequence intended to be repressed. This minimal identity will typically be greater than 

*G about 65%, but a higher identity might exert a more effective repression of expression of 

^ 15 the endogenous sequences. Substantially greater identity of more than about 80% is 

■by- 

O preferred, though about 95% to absolute identity would be most preferred. As with 

'1* antisense regulation, the effect should apply to any other proteins within a similar family 

; S of genes exhibiting homology or substantial homology. 

y. For cosuppression, the introduced sequence in the expression cassette, needing 

20 less than absolute identity, also need not be full length, relative to either the primary 
^ transcription product or fully processed mRNA. This may be preferred to avoid 

?* concurrent production of some plants which are overexpressers. A higher identity in a 

shorter than full length sequence compensates for a longer, less identical sequence. 
Furthermore, the introduced sequence need not have the same intron or exon pattern, and 
25 identity of non-coding segments will be equally effective. Normally, a sequence of the 
size ranges noted above for antisense regulation is used. 

EXPERIMENTAL 

The following examples are provided in order to demonstrate and further illustrate 
certain preferred embodiments and aspects of the present invention and are not to be 
30 construed as limiting the scope thereof. 
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In the experimental disclosure which follows, the following abbreviations apply: 
N (normal); M (molar); mM (millimolar); u.M (micromolar); mol (moles); mmol 
(millimoles); ^mol (micromoles); nmol (nanomoles); pmol (picomoles); g (grams); mg 
(milligrams); \ig (micrograms); ng (nanograms); 1 or L (liters); ml (milliliters); \i\ 
(microliters); cm (centimeters); mm (millimeters); [im (micrometers); nm (nanometers); 
°C (degrees Centigrade); Sigma (Sigma Chemical Co., St. Louis, MO). 

In the following Examples, Arabidopsis thaliana (L.) ecotype Columbia (Col-0) 
plants were used for all of the procedures, from generating cDNA libraries to isolating 
genomic DNA to plant transformation. 

EXAMPLE 1 
Developing Seed EST Isolation and Analysis 

A. Library Preparation and Screening 

To construct the Arabidopsis developing seed cDNA library, immature 
seeds of Arabidopsis thaliana ecotyope Col-2 were collected 5-13 days after flowering 
(DAF). RNA was extracted according to Hall et al. (Hall et al, Proc. Natl. Acad. Sci. 
U.S.A, 75:3196-3200 (1978)) from 1 g of seed tissue and a directional cDNA library was 
commercially prepared from polyA + mRNA in the lambda ZAP II vector (Stratagene, La 
Jolla, CA) using oligo-(dT) as primer for cDNA synthesis. The primary library was 
amplified once to yield an initial titre of 1 .9 x 10 10 pfu/ml and was used for all subsequent 
experiments. Based on 48 randomly selected clones the average insert size was estimated 
to be 1.9 kb, as determined by gel electrophoresis of PCR amplified inserts. Following the 
excision of phagemids according to the manufacturers instructions, bacterial colonies 
were arrayed onto nylon membranes at a density of 36 clones cm" 2 by Genome Systems, 
Inc (St. Louis). Data were generated in two stages corresponding to a first set with 9,136 
cDNA clones and a second set containing 18,432 clones. 
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B. Sequence Analysis 

The first set of cDNAs (data set I) was sequenced at MSU from the 5' ends using 
the SK primer for pBluescript II, or from the 3' ends using the Ml 3-2 1 primer. The 
second set of cDNAs (data set II) was sequenced by Incyte Pharmaceuticals, Inc. (Palo 
Alto, CA) from the 5' ends using the Bluescript T3 primer. Chromatograms from the data 
set I were processed in batches using Sequecher v.3.0 (Gene Codes Corp., Ann Arbor, 
MI). The 5' and 3' ambiguous sequences were trimmed. Vector sequences were removed 
as part of this process. Sequences that were less than 150 bp long or had > 4 % ambiguity 
were not processed. Chromatograms from data set n were processed in bulk using 
PHRED (Phil Green and Brent Ewing, University of Washington, Seattle, WA). 
Sequences that were less than 225 bp or >4 % ambiguous were not further processed. At 
this time 95% of the sequences have been deposited at GenBank. The remaining 5% 
(exclusively derived from data set II) will be available in GenBank by March, 2001. 

C. Database Searches 

For data set I, sequences were exported to plain (ASCII) text files that were used 
for similarity searches against GenBank using BLASTX version 1.4.11 (Altschul et al, J. 
Mol. Biol., 215:403-410 (1990)). Sequences were first reformatted with the GCG 
(Wisconsin Package Version 9.1, Genetics Computer Group (GCG), Madison, Wise.) 
program REFORMAT, and the searches were done in batches using shell or PERL scripts 
that used GCG NETBLAST for each sequence. For data set H, the FASTA file produced 
by PHRED/PHD2FASTA was processed by PERL scripts to do BLASTX searches with 
default parameters. PERL scripts were used to assess the level of ambiguity in the DNA 
sequences (FASTA files) and estimate quality of the sequences based on the .qual files 
produced by PHRED/PHD2FASTA. The BLASTX searches were done over a period of 
12 month from 9/2/98 to 9/21/99 using the most recent releases of GenBank. A subset 
was periodically retested (see below). The output from BLASTX was processed with 
PERL scripts to extract the top scoring hit from each result file. The following 
information for the top scoring entry in each result file was retained: gene identifier, 
description, BLAST score, probability, percent identity, alignment length, and reading 
frame. These results were compiled in text files. Each result was manually interpreted and 
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categorized according to predicted biochemical function. BLASTN searches were done 
against a subset of dbBEST (available at http://www.arabidopsis.org/seqtools.html) 
containing only Arabidopsis sequences using a FASTA file with all raw sequences. 
Standalone BLASTN version 2.0.9 running under linux 5.2 was used for this analysis. 

D. Contig Analysis 

Contig analysis was performed with PHRAP (Phil Green, University of 
Washington, Seattle, WA). Chromatograms from both data sets were processed with 
PHRED/PHD2FASTA, CROSS_MATCH (to mask vector sequence), and PHRAP 
(minmatch 12, minscore 20). The PHRAP command-line argument "trim start 30" was 
used to trim the first 30 bp from each sequence. The .ace output file from PHRAP was 
processed with a PERL script to obtain the list of ESTs in each contig. Contigs were 
manually screened and corrected in cases where obviously unrelated sequences were 
clustered together. 

£. Database 

All data were imported into a Microsoft Access 97 relational database. The 
database was built around unique clone identifiers which refer to clone locations in 
microtiter plates. 

EXAMPLE 2 
Microarray Analysis of ESTs from Developing Seeds 

A. Amplification of cDNAs 

The plasmids of 2715 selected cDNA clones were collected from data set I. The 
inserts of\the cDNAs were amplified by PCR in a 96- well format using primer pairs 
specific fois the vector ends (for inserts in pBluescript SK-: T7, 5 - 
GTAATAOBACTCACTATAGGGC, and 5' extended M13 reverse, 5'- 
ACAGGAAACAGCTATGACCATG; for inserts inpZipLoxl: M13 forward, 5'- 
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CCAGTCACGACGTTGTAAAACG and M13 reverse, 5'- 

A^GCGGATAACAATTTCACACAGG). PCR reactions of 100 pL volume contained 0.4 

pNl of each primer, 0.2 pM of each desoxynucleotide, 10 raM Tris, 50 mM KC1, 3.0 mM 

MgCl 2 , 3 U Taq DNA polymerase (Promega, Madison) and -10 ng plasmid template. 

5 The reactions were run on a Perkin Elmer 9700 Thermoblock using an amplification 

progtam of 3 min denaturation at 94 °C, 5 precycles of 30 s at 94 °C, 30 s at 64 °C, 2 min 

at 72 ?C, followed by 30 cycles of 30 s at 94 °C, 30 s at 60 °C, 2 min at 72 °C and 

terminated by 7 min extension at 72 °C. The PCR products were precipitated by adding 

200 pl\ ethanol (95%) and 10 pL sodium acetate (3M, pH 5.2) and centrifugation at 3200 

10 g and 4rC for 60 min. After washing with 80% ethanol, the DNA was resuspended in 20 

pL 3x SSC. The yield and purity of the PCR products was analyzed by agarose gel 

electrophoresis. PCR samples showing by agarose gel analysis concentrations less than 

f% 0.2 pg/uL and/or double bands were repeated. If possible, alternative clones from the 

© cDNA clone collection were used to repeat the PCR experiments. To reduce the cross- 

in \ 

,g 15 contamination risk in the 96-well format, failed PCRs were not removed from the sample 
set, and as a result the number of PCR samples for printing increased by approximately 
20%. 



in 



f* B. Preparation of the cDNA Microarrays 

W Microscope slides (Gold Seal, No. 3010) were cleaned for 2 h in alkaline washing 

S 20 solution (25 g NaOH in 100 mL H 2 0, 150 mL 95% ethanol), washed in distilled water 
jk (five times 5 min) and then coated for 1 h in 250 mL coating solution (25 mL poly-L- 

lysine, Sigma, St. Louis, 25 mL sterile filtered PBS, 200 mL H 2 0). After coating, the 
slides were rinsed with water, dried by centrifugation (5 min at 600 rpm) and by 
subjecting them 10 min to 45 °C in a vacuum oven. After coating, the slides were cured 
25 in a slide box for at least two weeks. 

PCR samples were arrayed in duplicates from 384-well plates with a center to 
center spacing of 260 pm onto poly-L-lysine coated slides using a printing device 
(GeneMachines, San Carlos) with 16 titanium pins (TeleChem, Sunnyvale). The resulting 
arrays contained 7680 elements with a size of 18x36 mm. After printing, the arrays were 
30 rehydrated over a water bath (50-60 °C) for 15 s, snap-dried for 5 s on a heating block (80 
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°C) and UV crosslinked with a UV 1800 Stratalinker (Stratagene, La Jolla) at 65 mJ of 
energy. After crosslinking, the remaining functional groups of the surface were blocked 
for 15 min in blocking solution (4.28 g succinic anhydride, Aldrich, Milwaukee, 
dissolved in 239,3 mL 1,2-methyl-pyrrolidinone, Aldrich, and 10,71 mL 1 M boric acid, 
pH 8.0 with NaOH). Directly after blocking, the bound DNA was denatured for 2 min in 
distilled water at 95°C, rinsed with 95% ethanol at room temperature and finally dried by 
centrifugation (5 min at 600 rpm). 

To monitor the detection sensitivity limit, the inserts of nine human cDNA clones 
(MAGE IDs 1593326, 1420858, 1484059, 978938, 1593605, 1020153, 1592600, 
1576490, 204625) were amplified by PCR and arrayed at four different locations of the 
slide. The corresponding mRNA species in vitro transcribed from these human clones 
were added as internal standards to 1 ug of the plant mRNA samples before probe 
synthesis at levels from l.OxlO" 3 ngto l.OxlO" 5 ng. 

To evaluate the hybridizations specificity, a 365 bp long PCR fragment from a 
FAD2 cDNA clone (L26296) and two synthetic fragments with 90% and 80% sequence 
identity to the FAD2 fragment were arrayed adjacent to each other. The related fragments 
were synthesized by PCR using 4 overlapping 1 lOmer primers into which the required 
nucleotide exchanges were introduced (Dillon etal, Biotechniques, 9:298-300 (1990); 
De Rocher et al, Plant Physiol., 1 17:1445-1461 (1998)). The resulting three fragments 
were of equal length and constant GC content. Two additional specificity control sets 
with more variable similarity clusters in their sequence, were spotted as well. These sets 
contained ferredoxin cDNA sequences from Arabidopsis, Anabaena (M14737), 
Thunbergia, Glycine max, Impatiens (supplied from D. Schultz) and for ACP-desaturases 
fromArabidopsis(M40E01), Geranium (U40344 & AF020203), Coriandrum sativum 
(M931 15). Unspecific background hybridizations were monitored with PCR products 
from twelve human cDNAs (IMAGE IDs: h29512, h00641, t91 128, 680973, 237257, 
280523, 136643, 204716, 60027, 756944, 29328, B187) arrayed in several copies at 
various locations of the array. To analyze the efficiency of the probe synthesis, the 5', 
central and 3' regions of two cDNA clones were spotted separately (FAD2, L26296 and a 
clone for the El subunit of the pyruvate dehydrogenase, M20C09). Constant signal 
intensities of these spots indicated that the probe synthesis by reverse transcription 
resulted in sufficient amounts of long products. The amount of rRNA contaminations in 
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the hybridization probes were measured with DNA sequences coding for 25S rRNA and 
18S rRNA from Arabidopsis. Unspecific probe binding mediated by the poly(A) tail of 
the cDNAs was detected with arrayed poly(A) 50 oligos. The washing efficiency of the 
spotting pins during the printing process was analyzed by arraying a sequence for 
RuBisCo SSU (1 18D13T7) and a negative control containing only 3x SSC after each 
other at several locations of the microarray. To localize the printing grid during the image 
analysis, the cDNA of a highly expressed translation elongation factor EF-1 alpha 
(M16D02) was arrayed at two edges of several subgrids. 



C. Plant Material, RNA Extraction and Probe Synthesis 

10 Arabidopsis thaliana ecotype Col-2 was grown in a growth chamber with 1 6 h 

f ! i 

£pj light at 80-100 microeinsteins and temperatures of 22 °C day, 20 °C night. Developing 

fjf seeds from each plant type were dissected from siliques at 8-1 1 days after flowering 

til 

■M (DAF), and bulked. Leaf material was collected from the same plants of the same age. 

B Total root tissue was collected from plants grown for 6 weeks in sealed tissue culture 

jwj 15 boxes containing 50 mL growth media (lx MS salts, lx B vitamins and 0.5% agarose), 

p Brassica napus (cv 212/86, line 18) was grown in a green house (Eccleston et al, Plant 

f* Cell, 10:613-622 (1998)). Seeds were collected from B. napus siliques 25-30 DAF and 

|4 leaves were collected from the same plants of the same age. 

me 

H Total RNA was extracted from 1 .0 g plant tissue as described by Schultz et al. , 

p 20 Plant Mol. Bio. Reptr., 12:310-316 (1994). The quality of each total RNA sample was 
confirmed in a reverse transcription (Superscript II, Boerhinger) test reaction in the 
presence of [ 32 P]dATP following manufacturer's instructions. The labeled single-stranded 
DNA products were separated by agarose gel electrophoresis. The gel was dried and then 
labeled products were visualized for 1 hour using autoradiography. Only RNA samples 
25 producing sufficient product in this test labeling were used for subsequent fluorescent 
probe synthesis. Poly(A) + RNA was isolated from 100 ng total RNA using OligotexO 
oligo(dT) beads (Qiagen, Valencia) following manufacturer's instructions. Preparation of 
fluorescent DNA probe was performed as follows: 1 \ig poly(A) + RNA was mixed with 4 
fig oligo(dT) primer, and 1 ng internal standard in a final volume of 26 \iL. This mixture 
30 was incubated at 68 °C for 10 min, chilled on ice and then added to 24 uL of reaction mix 
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with a final composition of lx Superscript II buffer, 500 uM each of dATP, dTTP, dGTP, 
200 uM dCTP, 60 uM Cy3 or Cy5-dCTP (Amersham Pharmacia, Piscataway), 10 mM 
DTT, 1 uL RNAsin (Boehringer, Mannheim), 3uL Superscript II (600 U, Life 
Technologies, Rockville). The reaction was incubated at 42 °C for 60 min, then 
additional 360 U of Superscript II were added and incubation was continued at 42 °C for 
another 60 min. After addition of 10 uL of IN NaOH, incubation was continued at 37 °C 
for 60 min. 1M Tris-HCl (25 uL, pH7.5) was then added and the reaction mix was diluted 
with 915 uL TE buffer, followed by extraction with first 1 vol of phenohchloroform (1:1, 
v/v), and then 1 vol of chloroform:IAA (24: 1, v/v). The labeled cDNA products were 
finally transferred to a Centricon 30 filtration column (Millipore, Bedford), washed twice 
with 2mL TE buffer, and then concentrated to a final volume of 10 to 15 \iL using a speed 
vac. Prior to this final concentration step, 1/100 of the labeled probe (approximately 2-4 
uL) were removed to determine the quality of the labeling reaction by gel electrophoresis 
followed by analysis of the fluorescent signal from the separated products using a 
ScanArray® 3000 laser scanner (GSI Lumonics, Watertown). 

D. Hybridization 

Probe mixtures in a total volume of 24 |J.L were mixed with 6 (iL blocking 
solution (10 |ig/uL yeast tRNA, Sigma, 10 ng/jiL oligo-dA, Pharmacia), 6.3 \iL 20x SSC 
and 1.2 |iL 10% SDS. The solution was denatured for 1 min at 100°C, cooled down to 
room temperature, and applied to the array. After covering the array with a 24x40 mm 
coverslip, the slide was placed in a humidified hybridization chamber (TeleChem). The 
hybridization was performed in a 64 °C water bath for -16 h. After hybridization, the 
slides were washed in lx SSC, 0.2 % SDS for 5 min, then in O.lx SSC, 0.2 % SDS for 5 
min, and finally in O.lx SSC for 30 s. Following the last washing, the slides were 
immediately dried by centrifugation (5 min at 600 rpm). 

E. Analysis and Quantitation 

Hybridized microarrays were scanned sequentially for Cy3 and Cy5 labeled 
probes with a ScanArray® 3000 laser scanner at a resolution of 10 um. In order to 
maximize the dynamic range of each scan without saturating the photomultiplier tube and 



-72- 




Patent Application 
Docket Number MSU 06689 

to balance the signal intensities of the two channels approximately, laser power and PMT 
settings of the instrument were adjusted according to the Auto-Range and Auto-Balance 
features of the instrument. Signal quantitation was performed with the ScanAlyze 2.21 
software written by Michael Eisen (available on the Internet: 
5 http://rana.stanford.edu/software). The two intensity values of duplicated DNA spots 

were averaged and used to calculate the intensity ratios between the two channels. Ratios 
below 1 .0 were inverted and multiplied by -1 to aid their interpretation. Intensity values 
below three times their local background were deemed non-significant and excluded from 
further data analysis. Since subtraction of the local background from the intensity values 

10 often results in artificially high ratios, this operation was not performed for calculating 
the ratios. Normalization of the intensity values from the two channels was performed by 
stepwise exclusions of 5% of the highest and 5% of the lowest ratios and calculating for 
the remaining subsets the mean ratios. Usually, after excluding 15% of the highest and 
15% of the lowest values, the calculated mean ratios reached a plateau, which showed 

1 5 only minor changes in the smaller subsets. The average value of the remaining 70% ratios 
was used to normalize the intensity ratios as close to 1.0 as possible. The accuracy of this 
filter method was evaluated by comparing it with the normalization factor calculated from 
the intensity ratios of the human mRNAs spiked into the labeling reaction. In general, the 
two methods resulted in relatively similar normalization factors. However, since external 

20 RNA controls disregard purity and integrity problems of the actual RNA samples, their 
use for normalization is more error prone than the filter method used for this study. 

EXAMPLE 3 

Identification, Isolation and Characterization of Seed-specific Promoter Regions 
A. Materials 

25 Genomic DNA which was used for PCR amplification was extracted from 

Arabidopsis leaves using the CTAB method (for example, as described by Stewart et ai, 
Biotechniques: 14(5):748-50 (1993). 
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B. Data and sequences analysis 

Individual EST sequences were compared using BLAST against Arabidopsis 
genomic sequences larger than 10 Kb using the TAIR server manually 
(www.arabidopsis.org/blast/). After the positions of these EST sequences in the genome 
5 were determined, approximately 20 Kb flanking sequences of 30 genes were analyzed by 
Gene Identification Programs such as GenScan, GeneFinder and NetStart to determine 
the positions of ATG translation starts. The promoter regions were defined as those 
regions approximately 1 Kb upstream of ATG; these regions were then selected for PCR 
amplification. 



10 C. Molecular cloning and vector construction 



yy 

D 



To construct a GUS expression vector with promoter regions of the present 
y3 invention, restriction enzyme cutting site EcoR I , Mfe I and BamH I were added to the 

PCR forward and reverse primers to amplify the promoter regions (Table 3, as shown in 
Figure 19) . The PCR products were digested with EcoR I (or Mfe I ) and BamH I and 
U1 15 then inserted into the EcoR I-BamH I site of a promoterless 13-glucuronidase (GUS) 
s expression vector pBlue-BA-GUN. The Sfi-A to Sfi-B region were cut off from 

H pBlue-BA-GUN (purchased from DNA-Cloning service, Hamburg , Germany) and then 

f! cloned into binary Ti-vector PLH7N (See Figure 1 4). 

w Control vectors contained a GUS expression vector with either a napin or 

y. 20 phaseoliitt promoter. For example, the promoter region of the napin (napA) gene in 
Brassica napus was amplified by using a forward primer CG aagctt 
TCTTCATCGGTGATT and reverse primer GGTCG gaattc GTGTATGTTTT. The PCR 
product was digested by Hind IE and EcoR I, then inserted into SK+ vector and 
confirmed by sequencing. The napin promoter was cut by Hind EI and BamH I and 
25 inserted into\a GUS expression vector such that GUS is under control of the napin 
promoter region. In a similar fashion, a GUS expression vector under control of a 
phaseolin promoter region was constructed; the phaseolin promoter region is described in 
patent US 5,504,200. 
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D. Plant transformation and selection 

Plant transformation was performed by modification of the method of Clough et 
al, Plant J., 16:735-43 (1998). Arabidopsis thaliana plants were grown over long days in 
50 cm2 square pots which were covered with a square of window mesh. When the first 
siliques were visible, the plants were then dipped by inverting the pots into the 
Agrobacterium tumefaciens (GV3 101) suspension. The dipped plants were covered with 
plastic and brought back to the greenhouse. The plastic was removed after 2 to 3 days. 
Seeds were harvested after 3 weeks and germinated in soil. Transformants were selected 
by spraying phosphinothricin (PPT) at 100 mg/L 4 to 5 days after germination. Spraying 
was repeated two or three times to kill any possible pseudo-transformants. 

E. Histochemical localization of GUS activities 

The transgenic plants were assayed histochemically for GUS enzyme activity as 
follows. Freshly cut tissues, young seedlings, and embryos manually dissected from the 
seeds at different days after flowering (DAF) are immersed in a solution of 
5-bromo-4-chloro-3-indolyl glucuronide (X-gluc), which contained buffer (50 mM 
NaH 2 P0 4 buffer, pH 7.0), 10 mM Na^DTA, 0.1% Triton X-100, 0.5 mM K3[Fe(CN) 6 ], 
0.5 mM K 4 [Fe(CN) 6 ], 1.0 mg/mL 5-bromo-4-chloro-3-indolyl glucuronide (X-gluc) at 
37°C for 6 to 12 nr. After incubation, samples are rinsed in 50 mM NaH 2 P0 4 , pH 7.0, 
and cleared in two changes of 70% ethanol and one change of 95% ethanol to remove the 
chlorophyll. Unfixed whole plantlets, organs, or hand-cut sections are examined and 
photographed. 

F. Quantitation of GUS activities 

For each construct, 8 DAF and 16 DAF embryos of several, and preferably 20, 
independent transgenic lines were collected for GUS assays. GUS activity was 
quantitated by using microplate reader system ( SPECTRAmax GEMINI XS, from 
Molecular Devices). Seeds were homogenized using Kontes disposable pestles and 
microtubes in GUS extraction buffer (50 mM sodium phosphate pH 7.0, 20 mM DTT, 10 
mM EDTA, 0.1% Sarkosyl, and 0.1% TritonX-100), and centrifuged 10 min in a 4 °C 
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microcentrifuge. The supernatant from each sample was transferred to another tube and 
stored at -80 °C. Plant extract (10 ^.1) was mixed with 40 nl assay buffer (GUS extraction 
buffer containing 1 mM methylumbelliferyl glucuronide (MUG)), and incubated at 37 °C 
for 0, 5, 10, 15 or 30 min . Then 150 \i\ 0.2 M Na^Oj was added, and fluorescence of 
released methyl umbelliferone (MU) was measured using standard MU curves. GUS 
activity was expressed as pmol MU per milligram fresh weight per minute. 

I. Identification of Effective Promoter Regions 

Promoter regions are identified as effective seed-specific promoters if GUS 
activity in developing seed tissue is greater than GUS activity in other plant tissue. By 
greater, it is meant that the ratio of expression of GUS activity in developing seed tissue 
to that in other plant tissue is greater than one; preferably, this ratio is greater than about 
two; more preferably, this ratio is greater than about four; and even more preferably this 
ratio is greater than about ten (see, for example, Table 1). Preferably, effective seed- 
specific promoters are not expressed in other, non-seed tissues (in other words, the 
activity in other, non-seed tissue is no greater than background levels). Not all seed- 
specific promoters are active at the same time during seed development; some may be 
active throughout seed development, while others are active during a smaller period of 
seed development. Yet other seed-specific promoters are active to different levels during 
seed development. 

Developing seeds were collected at 8 and 16 days after flowering for all 
constructs, and preliminary GUS analysis on these samples were used to rank the 
approximate strength of the promoters. For six promoters (PI, P3, P4, P6, P16 and P17), 
GUS activity was easily detected. However, these assays also indicated very low or no 
GUS activity for the remaining six of the twelve promoters initially identified (P7, P9, 
P13,P14, P15 and PI 9). This low activity may not be an indication that these promoters 
are ineffective, as it is possible that the low activity results from an incorrect prediction of 
the start codons of the genes, or that the selected promoter regions were not long enough 
to include enhancers or other regions needed for higher levels of expression. 

Six independent transformants from each promoter construct of the six promoters 
resulting in highest GUS activity, PI, P3, P4, P6, P16 and P17, were selected for further 
quantitative analysis. The GUS activities of the six lines at 16 DAF are shown in order 
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from high to low activity, and compared to the activities observed with the napin and 
phaseolin promoter controls, in Figure 20. As can be seen from the results, the promoters 
PI, P3, P4 and PI 7 result in GUS activities which are comparable to those observed for 
the napin and phaseolin promoter controls. The promoter P3, which is annotated as the 
promoter of a storage protein gene (see Table 2 in Figure 18), has stronger activity than 
the other promoters PI, P4, P6, PI 6 and P17 and than the napin or phaseolin controls. 

J. Tissue-specificity of expression pattern of different promoter regions 

The pattern of expression of the six best seed promoter constructs was examined 
by plants transformed with the promoter-GUS constructs, where the promoters were one 
of the six promoters PI, P3, P4, P6, P16 and PI 7, or a napin or phaseolin promoter. The 
localization of by GUS expression sites in the transgenic plants was determined by GUS 
histochemical staining of young seedlings, roots, primordial tissue, floral tissue, vascular 
tissue, maturing leaves, and siliques. All of the transgenic plants had GUS activities in 
the cotyledon and hypocotyl of young seedlings. This is thought to be caused by the 
residue of GUS in the seed. Interestingly, promoter P4 results in GUS activity in the floral 
tissues and young siliques (Figure 21). In addition, GUS activity was detected in the 
anther and pollen tissues of plants transformed with the phaseolin construct. 

K. Timing of GUS expression during seed development. 

The timing of expression of the candidate promoters at different embryo stages 
was also examined. Embryos were collected for GUS histochemical staining analysis at 
4, 5, 6 , 7, 8, 9, 10, 12, 14 DAF. The GUS activities from the promtores P6 and P16 
were not high enough for reliable observation, so they were excluded from this analysis. 
The GUS expression profiles are shown in Figure 22. These expression profiles show 
that all the promoters start to express in mid or mid-late embryo stage. Moreover, the 
napin, P3, and PI 7 promoters result in GUS expression about 1 or 2 days earlier than do 
the phaseolin, PI, and P4 promoters. 
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L. Effects of copy number and chromosomal position on promoter activity 

Two different aspects of plant transformation might affect the level of activity 
observed from the different promoters. These two aspects are artefacts of plant 
transformation, and include the copy number of a transgene in a plant, and the position of 
insertion of the transgene into the chromosome. Therefore, the effects of these different 
aspects were examined. 

The effect of copy number on promoter activity was examined first. The 
correlation analysis of the copy number (data not shown) and GUS activity is shown in 
Table 3. For plants transformed with the control phaseolin-GUS constructs, the analyzed 
plants did not appear to possess multiple copies. For six of the promoters of the present 
invention PI, P3, P4, P6, PI 6, and PI 7, and the control promoter napin, copy number did 
not appear to have an obvious correlation with GUS activity (as evidenced by the 
observation that r0.05 = 0.754 ( DF=5 )), although for three promoters PI, P4 and P16, 
there appeared to be a slight positive correlation. 

The effect of chromosomal position on promoter activity was then examined. 
This was measured by the ratio of standard deviation value of GUS activities to the mean 
value of GUS activities for every promoter, also as shown in Table 3. 

The results indicate that for the promoters of the present invention, P3, P4, P6 and 
PI 6, the standard deviation values were higher than the mean values. For the other two 
promoters of the present invention, PI and PI 7, and the two control promoters, the ratios 
were also equal to or higher than 0.50 . This means that in different transgenic lines 
obtained with the same construct, the levels of GUS activities in the transformed plants 
varied considerably. This may be due to different chromosomal positions of the insertion 
of the T-DNA. 
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Table 3 Analysis the effect of copy number and insert position 



Promoter 


Correlation 
coefficient 


MEAN 


STDEV 


STDEV/Mean 


Phaseolin 




20.13 


10.03 


0.50 


Napin 


0.16 


24.40 


24.20 


0.99 


P1 


0.62 


16.93 


13.78 


0.81 


P3 


-0.26 


69.35 


88.08 


1.27 


P4 


0.67 


10.48 


14.01 


1.34 


P6 


-0.24 


2.21 


4.48 


2.03 


P16 


0.71 


3.18 


3.24 


1.02 


P17 


0.03 


11.38 


7.28 


0.64 



r 0.05=0.754 

Correlation coefficient: correlation coefficient between GUS activity and copy number; 
MEAN : mean value of GUS activities; STDV: standard deviation value of GUS activities; 
' — ' : no correlation . 

Taken together, these results suggest that in these experiments, position effect, 
rather than copy number, may play an important role in the levels of the observed 
activities for seed-specific promoters. 

All publications and patents mentioned in the above specification are herein 
incorporated by reference. Various modifications and variations of the described method 
and system of the invention will be apparent to those skilled in the art without departing 
from the scope and spirit of the invention. Although the invention has been described in 
connection with specific preferred embodiments, it should be understood that the 
invention as claimed should not be unduly limited to such specific embodiments. Indeed, 
various modifications of the described modes for carrying out the invention which are 
obvious to those skilled in the relevant fields are intended to be within the scope of the 
following claims. 
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